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PREFACE 


This is the 1987 version of the Sony semiconductor IC databook. This book covers 
all the semiconductor products manufactured and marketed by Sony. 

In preparation of this databook, as much characteristic and application data as possible 
have been collected and added with a view of making this book a convenient reference 
for users of Sony products. If, however, you are dissatisfied with this book in any way, 
please write; we welcome suggestions and comments. 


The Sony semiconductor IC databook has been edited to include only accurate and 
reliable data. However, because of technical improvements and other modifications the 
contents are subject to change without notice. 

The circuit examples used in this book are for illustration of typical applications only; 
we are not responsible for any problems that may occur in the circuitry and patents of 
any third party if these examples are put in practice. 


Package abbreviations 


DIP : Dual Inline Package 

MFP : Mini Flat Package (=Flat DIP) 

QIP : Quad Inline Package (=Flat QUIP) 
PGA: Pin Grid Array 

SRK : Shrink Dual Inline Package 

SIP : Single Inline Package 
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2. Index by Usage 


1) A/D, D/A Converters — Audio — 
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Dual 16bit 44kHz Multiplexed D/A Converter Ce 
16bit D/A Converter 
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CX20152 Dual 16bit 88kHz Multiplexed D/A 
Sere ad Dual 10bit 50kHz Multiplexed A/D + D/A 7 


2) A/D, D/A Converters — Video — 


CX20051A 10bit 30MHz D/A Converter 
CX20052A 8bit 20MHz Sub-ranging A/D Conveter 
BRA DEeK UK 8bit 100OMHz Flash A/D Converter 


CX20201A-1/-2 


va 
High-speed Sample and Hold Amplifier 
8bit 30/50 MHz Flash A/D Converter 
203 
208 








CXA1106P 8bit 35MHz High-speed D/A Converter 
BX-1300 8bit 20MHz A/D Converter Module | 


(P) : Preliminary 





3) Digital Signal Processors 


Type Function | | 


~ CX-7997 10 X 10bit 15MHz Multiplier/Adder 
sieht 8bit S-P-S Converter 


CX23034 Digital Filter for CD 


CX23038 Programmable Shift Register | 249 


CX23043 10bit Synchronous Binary Counter 


CXK1201P Double Scan Converter (P) 





219 
230 
238 
249 
CXD1018G Degital Signal Processing Multipler 


CXK1202S Digital Delay Line 


(P) : Preliminary 


4): Evaluation Printed Circuit Boards 


CX20017 PCB CX20017 Evaluation Board . 307 













CX20018 PCB CX20018 Evaluation Board 
CX20052A PCB-3A/3B 8bit 20/15MHz A/D Converter Evaluation Board 


SR OSeIUe pcs | 8bit 100MHz A/D Evaluation Board 


307 

322 
CX23060 Evaluation Board 

343 

352 


BU PSee CUR pcp} 8bit 50 MHz/30MHz A/D Evaluation Board 


FOX20220A-1 /:2 10bit/9bit 20MHz Sub-ranging A/D Converter 
Evaluation Board — 


5) Application Notes 
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CX20052A 8bit 20MHz Sub-ranging A/D Converter | 363 
CX20116/U | 

ate 8bit High-speed A/D Converter 370 
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3. IC Nomenclature 


1. Nomenclature of IC product name 
Currently, both the conventional and new nomenclature systems are mixed in naming 
IC products. 
a) Conventional nomenclature system 
[Example] CX20011A 
ee Improvement mark 
“A” is affixed when specifications are partially 
improved. 
Product number 
Identifies individual product. 
Category number 
Indicates the product category in one or two digits. 
{ Bipolar IC: 0, 1, 8, 10, 20, 22 | 
| MOS IC: 5, 7, 23, 79 | 
Sony IC mark 





b) New nomenclature 
[Example] CXA1001AP 


res Package mark 
: Plastic DIP 
: Ceramic DIP 
: Mini Flat Package 
: Single Inline Package 
: Quad Inline Package 
: Shrink Dual Inline Package 
Improvement mark 
“A” is affixed when specifications are improved. 
Product number 
Identifies the individual product. 
Product category mark 
A : Bipolar IC 
B : Bipolar digital IC 
D : MOS logic IC 
K : Memory 
P,Q: Microcomputer 
L : CCD signal processor 
Sony IC mark 


2. Nomenclature for CCD image product name 
[Example] ICXO16AK 
| [ eee Filter or package mark 
Improvement mark 
“A” is affixed when specifications are improved. 


Product number 
Sony CCD imager mark 


norzZ2zo07m 


4. Precautions for IC Application 


A) Absolute maximum ratings 


The maximum ratings for semiconduc- 
tor devices are normally specified by 
“absolute maximum ratings”. The values 
shown in the maximum ratings table must 
never be exceeded even in a moment. 

If the maximum rating is ever 
exceeded, device deterioration or damage 
will occur immediately. Then, even if the 
affected device can operate, the life will 
be considerably short. 

Maximum rating must never be 
reached for two items at the same time. 


IC maximum ratings 

The following maximum ratings are 
used for ICs. 

(1) Maximum power supply voltage Vcc 

(VoD) 

The maximum voltage that can be ap- 
plied between the power supply terminal 
and ground terminal. 

This power supply voltage rating is 
directly related to the dielectric voltage of 
transistors in the internal circuit; the 
transistors may be destroyed if this voltage 
is exceeded. 


(2) Allowable power dissipation Pp 
The maximum power consumption al- 
lowed in IC 
In the circuit design the absolute maxi- 
mum ratings must not be exceeded, and it 
must be designed only after considering 
the worst situations among the following: 
e Fluctuation in source voltage 
e Scattering in the electrical characteris- 
tics of electrical parts (transistors, 
resistors, capacitors, etc.) 
© Power dissipation in circuit adjustment 
® Ambient temperature 
e Fluctuation in input signal 
@ Abnormal pulses 
If this allowable power dissipation is 
exceeded, electrical and thermal damage 
may result. 


ai TO 


Supply voltage (V) 


This value varies with the amount of 
IC integration in package types. 


(3) Operating ambient temperature Topr 

The temperature range within which IC 
can operate satisfactorily. 

Even if this temperature range is ex- 
ceeded and some deterioration in operating 
characteristics is noted, the IC is not 
always damaged. 

For some ICs, the electrical characteris- 
tics at Ta=25°C are not guaranteed even 
in this temperature range. 

(4) Storage temperature Tstg 

The temperature range for storing the 
IC which is not operating. 

This temperature is restricted by the 
package material, and the intrinsic proper- 
ties of the semiconductor. 

(5) Other values 

The input voltage Vin, output voltage 
Vout, input current lin, output current lout 
and other values may be specified in some 
IC’s. 

The relationship among these maxi- 
mum ratings for IC is shown below. 





Topr 
Tstg 
Ambient temperature (°C) 





B) Protection against 
electrostatic breakdown 


There have been problems of elec- 
trostatic destruction of electronic devices 
since the 2nd World War. Their history is 
closely related to the advancement in the 
semiconductor devices; that is, with the 
development of semiconductor techno- 
logy, new problems in electrostatic de- 
struction have arisen. This _ situation, 
perhaps, can be understood by recalling 
the case of MOS FET. 

Today, the problem of electrostatic de- 
struction is again drawing people's atten- 
tion as we are entering the era of LSI and 
VLSI. Here are our suggestions for prevent- 
ing electrostatic destruction in the device 
fabrication process. 


Factors causing electrostatic 
generation in manufacture process 

A number of dielectric materials are 
used in manufacture process. Friction of 
these materials with the substrate can 
generate static electricity which may de- 
stroy the semiconductor device. 

Factors that can cause electrostatic de- 
struction in the manufacture process are 
shown below: 


Pr ee 


Causes of electrostatic destruction of 
semiconductor parts in manufacture 


process 


Input 
| 


semi- 
conductor | parts 


resistor 


mounting 
capacitor 


solder dipping 





visual correction 





lead cutting 


sand blasting 


soldering correction 


rear side mounting 
of parts 
frame assembly 


inspection and repair 





Output 








Item 


e belt conveyer 
e work table 

e human body 
e parts box 


@ dipping machine 


@ work table 
e human body 
© soldering iron 


@ cutting machine 


e sand blasting machine 


e belt conveyer 
© work table 


- ® human body 


® parts box 
@ soldering iron 





Handling precautions for preventing 
electrostatic destruction 
Explained below are procedures that 
must be taken in fabrication for preventing 
the electrostatic destruction of semi- 
conductor devices. 

The following basic rules must be 
obeyed. 

(1) Equalize potentials of terminals when 
transporting or storing. 

(2) Equalize the potentials of the electric 
device, work bench, and operator's 
body that may come in contact with 
the semiconductor device. 

(3) Prepare an environment that does not 
generate static electricity. 

One method is keeping relative humidi- 
ty in the work room about 50%. 


Operator 
1) Clothes 

Do not use nylon, rubber and other 
materials which easily generate static 
electricity. For clothes, use cotton, or 
antistatic-treated materials. Wear gloves 
during operation. 
2) Grounding of operator’s body 

The operator should connect the speci- 
fied wrist strap to his arm. If wrist strap 
cannot be used, then the operator should 
touch the grounding point with his hand, 
before handling any semiconductor device. 


example of grounding band 


cotton glove 





/grounding wire 


When using a copper wire for grounding, 
connect a 1M resistance in series near 
the hand for safety. 
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3) Handling of semiconductor device 

Do not touch the lead. Touch the 
body of semiconductor device when 
holding. Limit the number of handling 
times to a minimum. Do not take the 
device out of the magazine or package 
box unless it is absolutely necessary. 


holding of semiconductor device 





DIP type 


can type 


Equipment and tools 

1) Grounding of equipment and tools 
Ground the equipments and tools that 

are to be used. Check insulation before- 

hand to prevent leakage. 

[Check point] 

® measuring instrument 

® conveyer 

@ electric deburr brush 

® carrier 

e solder dipping tank 

@ lead cutter 

® shelves and racks 


grounding of carrier 


conductive sheet 





conductive 
rubber 


2) Grounding of work table 

Ground the work table as illustrated. 
Do not put anything which can easily 
generate static electricity, such as foam 
styrol, on the work table. 


grounding of work table 


conductive sheet or 
stainless steel sheet 


grounding wire 





3) Semiconductor device case 

Use the metal case, or the antistatic 
plastic case (lined with conductive sheet 
or aluminum foil). 


plastic case for 
semiconductor devices 


line with conductive 
sheet or aluminum foil 





4) Insertion of semiconductor device 
Insert the semiconductor device in 
mounting process or on the belt conveyer. 
The insertion should be done on a conduc- 
tive sheet, or a wood or metal carrier. 
5) Operation in energized state 
When the substrate is checked while 
energizing the substrate where the delicate 
semiconductor device is mounted, be sure 
to place the substrate on corrugated 
cardboard, wood, or on a metal carrier. 


6) Other points of caution 

Take note of the kind of the brush 
material used for removing lead chips. Use 
metal or antistatic-treated plastic brushes. 


Transporting, storing and packaging 
methods 
1) Magazine 

Use the metal, or antistatic-treated 
plastic IC magazines. 

The plastic magazines used for ship- 
ping ICs are antistatic-treated, and they 
can be used for storing ICs. 


magazine 


conductive magazine 


2) Bag 

Use a conductive bag for keeping ICs. 
If use of a vinyl bag is unavoidable, be 
sure to wrap the IC with aluminum foil. 


bag 


ees 


conductive bag 
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3) Handling of delivery box 

The delivery box used for carrying sub- 
strates must be made of wood or corrugat- 
ed cardboard. Do not use a vinyl chloride 
or acrylic delivery box, otherwise static 
electricity will be generated. 


handling of delivery box 


wooden or corrugated 
cardboard box 





grounding plate 


4) Treatment after vehicle transport 

After truck transport, place the maga- 
zine, package box or delivery box on the 
grounded rack, work table, or concrete 
floor for discharging. Do not pull the deliv- 
ery box for more than 1 meter except on 
a concrete or a wooden floor. 
5) Handling of mounted substrates 

Wear cotton gloves when handling. As 
far as possible, avoid touching soldered 
faces. When handling mounted substrates 
individually, be sure to use a conductive or 
paper bag. Do not use a polyethylene bag. 


handling of mounted substrate 


5 cotton glove 






conductive bag or 
paper bag 


Soldering operation 
1) Soldering iron” 

Use a soldering iron with a grounded 
metal part or a soldering iron whose insula- 
tion resistance after five minutes from 
energizing is greater than 10 MQ) (DC 
500V). 

2) Operation 

After inserting the semiconductor 
device into the substrate, solder it as 
quickly as possible. Do not carry the subs- 
trate with the inserted semiconductor 
device by car. 

3) Correction 

When correcting parts (semiconductor 
device and CR parts) after solder-dipping, 
be sure to wear cotton gloves. Also, con- 
nect the grounding band to the arm, or 
touch the grounding point before 
operation. 

4) Manual soldering 

Solder with wrist strap connected to 
the hand, or by touching the grounding 
point from time to time during operation. 

5) Removing semiconductor device 

Do not use the Solder-Pult when 
removing the semiconductor device. Use a 
Soder-wick or equivalent. 


solder remover 


soder-wick 


solder pult 





6) Soldering work table 

Use a grounded work table, corrugated 
cardboard, or wooden work table for 
soldering. Do not solder on foam styrol, 
vinyl, or decorative board. 


Pam Fee 


C) Mounting method 


Soldering and solderability 
(1) Solderability guaranteed by JIS 

JIS specifies solderability of an IC 
terminal (lead) in “JIS-C7022 Test Proce- 
dure A-2". An abstract of this standard 
follows: 

e Rosin flux must be used, and the 
terminal must be dipped in it for 
5-10 seconds. 

e H63A or equivalent solder must be 
used, and the terminal must be 
dipped in the solder which has been 
heated to 230°C+5°C for 5+1 
seconds. 

e Using a microscope, measure the 
area (%) deposited with solder. JIS 
specifies that more than 95% of the 


total area should be coated with 
solder. 
(2) Area for soldering warranty 
Soldering is warranted for a specific 
portion of the terminal. The warranted por- 
tion is shown in the following figure. 
The tie-bar cut portion also serves as 
a dam to prevent the sealing resin flowing 
out during device fabrication; it is cut off 
at the end of the process. Since the termi- 
nal is exposed at the cut-off end, the area 
for soldering is restricted. The portion near 
the resin is often covered with burrs when 
sealing with resin; it is not in the soldering 
warranty area. 


warranty area for soldering 






device main body 
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warranty range 


Resistance to soldering heat 
(1) Specification of JIS 
JIS specifies the method for testing 
the resistance to soldering heat. This 
method is used for guaranteeing the IC 
resistance against thermal stresses by 
soldering. An abstract of this standard is 
as follows: 
® Dip the device terminal only once for 
10+1 seconds in a solder bath of 
260°C +5°C, or for a seconds 


in a solder bath of 350°C +10°C, 
for a distance of up to 1 to 1.5 mm 
from the main body. 


tie-bar cut portion 
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device main body 


The temperature of 260°C +5°C as- 
sumes the soldering with solder flow 
system, and the temperature 350°C 
+10°C assumes soldering by solder- 
ing iron. 

@ Leave the device for more than two 
hours after dipping, then measure the 
device characteristics. 

@ Normally, the warranty is limited for 
10 seconds at 260°C +5°C. The dis- 
tance between the device main body 
and solder bath is assumed as 1.6 
mm. 





5. Quality Assurance and Reliability 


Sony’s Policy of Quality Assurance 


The Sony semiconductor embodies 
two fundamental ideas: “highest quality” 
and “‘lowest cost”. There are the two key 
points for realizing these ideas. 

One is the “quality” of men fabricating 
the semiconductor devices. The reliability 
of these people is reflected in the Sony 
products. Accordingly, Sony is making a 
continuous effort to raise the “quality” of 
people capable of manufacturing and fab- 
ricating Sony semiconductor devices. 


The other point is a source management 
system combined with the concept of 
thorough quality design. With this system, 
higher quality products can be steadily 
manufactured through automation of 
device design, process design, and the fab- 
rication process. 

Sony is making constant efforts to 
supply the most economical and most 
useful products of very high quality for 
users. 


Quality assurance system of semiconductor products 


Planning and 
Control Dept 


Improvement and elevation of quality 


Marketing 
schedule 


Product 
planning 
Study of products 


Rejection of Lot 


Inspection at time 
of reception 


Acceptance after 
inspection warehouse 
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Technical service ‘Post Sales Service 


Sales Dept Distributing Dept 


Design Dept 
Research Dept 
Industrial Engineer- 
ing Dept Materials 
Engineering Dept 


Quality Assurance 


Production Dept 
Dept 


Quality control circle activity . 


Obedience to manual 
operation standard 


Obedience to IPQC rule | 


Manufacturing 
| 
; Quality and reliability 
evaluation 


improvement 
of material 


Improvement of 
wafer process 


Improvement of 
manufacturing 
tools 


‘Inspection of all 


‘device 
Improvement 


1 
! 
‘ 
of design 


Inspection before 
warehousing 


Administrative 
test 


me we ee ee we we ae a ws a awe ae i ee ee wm ee 
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: 
Answer to claim Trouble shooting 


Sales activities 


Improvement 


Market quality information Evaluation of 
quality:in market 


Quality control circle activity 
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Quality assurance criteria and 
reliability test criteria 


1) Quality assurance in shipping 
Establishing quality in the design and in 
fabrication is essential to keep the quality 
and reliability levels of the semiconductor 
devices at a high level. This is done by the 
“Zero-defect” (ZD) movement. Further 
sampling checks, in units of shipping lot, 
is done on products that have been 
“total-inspected” at the final fabrication 


Periodical reliability test 









LIFE TEST High temperature operation 


High temperature storage 
Low temperature storage 
High humidity bias test 


bias 
Pressure cooker 


ENVIRONMENT 


TEST Heat cycle 
MECHANICAL Solderability 
TEST Lead strength 


OTHER TESTS 


* These tests are selected by sampling standard. 


Item 
; are In order to know the quality level, som 
Electrical characteristic test ene hs : 
types are selected and tested again. 


High temperature and high humidity storage 


High temperature and high humidity with 


Soldering heat resistance heat cycle 


if necessary test, are selected accordingly to JIS C7021, C7022, EIAJ $D121, IC121. 


stage, thus ensuring no detective items. 
This sampling inspection is done in accor- 
dance with MIL-STD-105D. 


2) Reliability 
The reliability test is done, periodically, 
to confirm reliability level. 






Test Hour LTPD (%) 














Up to 1000 hr 
Up to 1000 hr 
Up to 1000 hr 
Up to 1000 hr 
Up to 1000 hr 


Upto 500 hr 

















Upto 200 hr 
10s 15% 
10 cycle 15% 
Japan Industrial 15% 
Standard (JIS) 15% 









These tests and Inspection data are useful not only to estimate quality in the market 
place but also as data to improve design and wafer processes. 
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Reliability test standard for acceptance of products 


5% 
TYP 
(thr on/3 hr off) eal 
Ta=121°C, 100%RH, 30 pounds 5% 
per square inch 


Tsolder =230°C (Rosin type flux) | 5s | tom 


X, Y, 2 1500G 10% 
0.5 ms half sine wave 


Device must be designed again, when electrostatic strength is below standard 
supplying surge voltage 
To each pin under the conditions of C =200PF and Rs=02. 












High temperature and 
humidity storage 












High temperature and 
High humidity with bias 














Ta =85°C, 85%RH 














Pressure cooker 































3 times for 
each direction 







Mechanical shock 


Constant acceleration 










16 minutes for 
each direction 


X, Y, Z 20G 10 to 2000 to 10 Hz (4 min). 
sine wave vibration 




























X, Y, Z 20,000 G 
centrifugal acceleration 


1 minute for 
each direction 






Falling from the height of 75cm 
to maple plate by gravity 






Fall by gravity 








(Bend) 


Lead strength (Pull) 






Electrostatics strength 
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From development to production 


Product Planning 
[ Business Planning 
Product Planning Review 
Examination of Function, Characteristics, Quality and Reliabilit 
Desired Specification enauty : 
Development Planning Schedule, Quantity and Cost 


Conceptual Design Review 


Development Design Circuit, Mask, Wafer Process and Packaging 
. 
Small Scale Fabrication 















Characteristics, Quality and Reliability 


‘Acceptance of Quality eer ' 
and Reliability (1) Acceptance of Quality and Reliability for Design 


Trial Manufacturing Review 
Customer Evaluation 


Large Scale Trial 
manufacturing 







Characteristics, Quality and Reliability 


Acceptance of Quality : nee 
and Reliability (II) Acceptance of Quality and Reliability for Production 


Production Approval 


Production 


| 


Shipping Approval 
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A/D,D/A Converters Audio 


1) A/D, D/A Converters — Audio — 
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CX20152 Dual 16bit 88kHz Multiplexed D/A 
et Dual 10bit 50kHz Multiplexed A/D + D/A 
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SONY. 











CX20017. 


Dual 16 bit 44 kHz Multiplexed D/A Converter 


Description 

The CX20017 is a 16 bit D/A converter IC for PCM 
audio using an integration system. Analog signals 
can be regenerated from 16 bit digital signals by 
adding an integrator, an analog switch, and a low- 
pass filter outside the IC. 


Features 

e 16 bit D/A converter. 

e Clock buffer. 

e TTL-ECL interface circuit. 

e Discharge drive circuit. 

e Analog switch drive circuit. 


Functions 

e Two channels for integral current output and 
discharge signal output. 

e Level shift circuit for direct interface with TTLs and 
MOS LSls. 

e Analog switch drive circuits, etc. 


Structure 
Silicon Monolithic IC 


Absolute Maximum Ratings (Ta=25°C) 


Package Outline Unit: mm 


28 pin DIP 


DIP-28P-02 





e Supply voltage Vcc to VEE 12 NV 

e Operating temperature Topr —10 to +75 °C 

« Storage temperature Tstg —50 to +150 °C 

e Allowable power dissipation Po ZA W 

Recommended Operating Conditions 

« Supply voltage Vcc 5 + 0.25 V 
VEE —5 + 0.25 V 


Bx cee 


Block Diagram 


AGND AVEE NC louTL 'outTR 


| Clock Buffer q Digchatge Regulated Current 
| Source 


Upper 8 bit Shift Register, Latch, Counter 


Lower 8 bit Shift Register, Latch, Counter 


TTL-ECL 


Timing 
Interface Circuit 


Generator Circuit 


DVEE SUB TEST 1 Vcc TEST2 LATCH LRCK WCLK BCLK DIN LRCK CC 


Fig. 1 


TEST 1 and TEST 2 are to be used open. 


ISET 


DCR 


Discharge 


(R) 


(3) 


DGN 





DVEE 


L100ZX9 


“ANOS 


CX20017 


Pin Description 


Digital system power supply pin Apply —5V 















2 


SUB Board of IC. It is used always being connected to pin 1 
TEST 1 Test pin. It is used normally in the open state 
| Vee Digital system power supply pin Apply +5V 


LATCH Clock pin of D type latch 
7 LRCK LRCK input pin 
WCLK WCLK input pin 


| DIN. | DIN (Data input pin) 
11 LRCK OUT LRCK output pin 
CC CC input pin 





DGND Digital system GND pin 


= | 
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RO pms |) ae] ey a 
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> 

< 

m 

m 
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21 AGND Analog system GND pin 
22 DGND Digital system GND pin | 
Left channel discharge drive signal output pin 


Left channel current output pin 


BCLK BCLK input pin 
NC 
Analog system power supply pin 


Vcc 
TEST 2 Test pin. It is used normally in the open state 


z 
7 
28 Digital system GND pin 


23 
24 DCBIAS Discharge circuit bias pin 3 


NO 
0) 
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Electrical Characteristics (Ta = 25°C, Vee = —5.0V, Vcc = 5.0V) 


circuit Curent | ee [*# mA 


Input Threshold are 6, 7, 8, 9, 10, 12 
Voltage 1 
Input Threshold 
Voltage 2 si aaeatie en 
High Level Input Vint 6, 7, 8, 9, 10, 12 
Voltage 1 
High Level Input Vine 6, 7, 8, 9, 10, 12 
Voltage 2 
Low Level Input Vit 6, 7, 8, 9, 10, 12 
Voltage 1 
Low Level Input 6, 7, 8, 9, 10, 12 
Voltage 2 
High Level Input 6,7,8,9, 10,12 Vin =—O.5V 
Current 1 
High Level Input Tre 6,7,8,9, 10,12 ViH=4.5V 
Current 2 
Low Level Input ia 6, 7, 8, 9, 10,12 Vii = —O.5V 
Current 1 
Low Level Input 6, 7, 8,9, 10,12 Vi =OV 
Current 2 


11 lon = —100pA after making 
VLRCKH Pin7 to be 4.5V. Supply a 
OV-5V-OV clock to pin 6 
11 lo. = 100A after setting 
VLRCKL Pin 7 OV. Supply a OV-5V-OV 
Clock Input Bias Ven 26, 27 
Voltage 
Clock High Level J een | 
Output Voltage 
Clock Low Level p veon 25 
Output Voltage 
17, 18 Pins17 and 18 voltage 
IOLEAK 
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High Level Output 
Voltage 
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Low Level Output 
Voltage 
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Current Output Pin 
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OV. When current output is 
off. 
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| Max. | Uni 





Symbol Pin and test condition 


17, 18 Pins17 and 18 voltage 
lOouT 


OV. Pin 16 Iset = 500 pA, 
(lout = lo aE io) 

17, 18 Pint6 Iser = 250 pA |2 
Discharge Circuit: >4 Set Pin24 OV 1. 
Current Consumption 

Discharge Circuit 

15, Pin24 volt = 1.4V. 
High Level Output | Vocu Boe: TNE NOnage 0.27 
Load current = —100 pA 

Voltage 

pete ae Voc. | 15: 23 Pin24 voltage = 1.4V. 
eriiaclaea is Load current = —100 vA 

16 Range in which current ratio 
ISET MAX of lout. (R) meets 255 < lo/io 
< 257 


Voltage 
During OdB_ (full — scale) 
playback for both right and left 
THD During ~20dB playback for 
both right and left 


4 
< 
o) 


| NO 
> Oo 
NO oO : 
Oo 
a : 
~ 
ie 













lout Output Current 





oi 
oO 


GW 
a 10 


oi 














¢] 


Maximum Iset 
Current 





Distortion Factor 





Self-excitation/separate 


excitation 


Operating Clock 
Frequency 


0.02 | 0.025 


Note) 1. Pins13, 17, 18, 21, 22, 24 and 28 are for grounding, pin16 is connected through 5.1 kQ. to 
ground. Other pins are open. 
2. When Pin 4 (Vcc) is opened. 
3. When Pin 4 (Vcc) is made to be 5.0V. 
4. Measurement circuit See Fig. 2 
Conversion frequency 44.1 kHz. 
Input data 16 bit data generated by ROM SG., Full scale data (O dB) and data of a 
level —20 dB below it are used. 
Distortion meter HP339A (all filters are turned on) or its equivalent that has an 80 kHz 
LPF, 30 kHz LPF and 400 Hz HPF. 
*1 Recommended operating voltage 
*2 In the current ratio measurement circuit (Fig. 3): 


—3.9 (mV) <1 (kA) X to (WA) — 256 (kM) X io (uA) < 5.9 (mv) 








CX20017 


Description of CX20017 Conversion Process 


(1) Data Call In (BCLK, DIN, WCLK, LRCK.) See Fig. 5. 


SON Yo 


(2 


ee 


Data is 16 bit serial signals and is of a 2’s complement type (2's complement). Data is synchronized 
with a rising edge of the bit clock (BCLK) from MSB and is sent to the IC sequentially. (Data variations 
occur with the fall of BCLK.) 

Changing the word clock (WCLK) from a high to a low level during the 17th fall of the BCLK, 16 bit data 
is transferred from the shift register to the latch. Data from the other channel is sent in to the system at 
the 17th BCLK when CX20017 is used in the stereo mode. 

When allocating data in the stereo mode, Rch data is called in while the level of LRCK is low, calling in 
Lch data while the level of LRCK is high. lout. and DCL operate only when the level of LRCK is low, 
and loutr and DCR, operate only when the level of LRCK is high. 


Conversion Process (CC, LRCK, CIN, lout, loutr, DCL, and DCR) 

All the timing circuits inside are reset, by inputting more than three clocks from the clock input (CIN) 
after setting the level of the conversion command (CC) to high. 

After resetting, the level of CC is set to low, and a clock is supplied into CIN, to start the functioning of 
the internal timing circuit. It produces three signals: a discharge, a counter set, and an integral current 
start signals. Depending on periods of clocks and the number of clocks the timings of these three 
signals are determined as follows: 


cc \ 


Discharge Signal 4 t2 
Counter Set Signal ty t3 
Integral Current t4 t5 
Start Signal | 

ti = 34 X To 

t2 = 67 X To 

ts = 31 X To 

t4 = 65 X To 

ts min = 47 X to (When input data is O01... 1) 

t max = 302 X to (When input data is 10... 0) 


The counter set signal sets data entered in the latch to the counter, and is not output outside. The 
discharge signal is output from DCL and DCR and is controlled by LRCK. The signal is output from DCL 
when the level of LRCK is low, and from DCR when the level is high. 

The upper current lo and lower current io flow on the instruction of the integral current start signal. The 
counter starts counting the value preset simultaneously with the turning off the discharge signal. The 
counter counts eleven offsets and then sends a signal to stop the integral current. The value of ts is 
changed by the input data value preset in the counter and is changed over the range O to 255. 
For this reason, a maximum (ta + ts max) is needed for the conversion time, i.e., the time period 
between the level of CC becoming low and the completion of integration. 

As is the case with the discharge signal, the integral current outputs lout. when the level of LRCK is 
low, outputting loutR when the level is high. 
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Regarding the relationship between sampling frequency fs and clock. 








fe aa Se 
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current ar tee t5 MIN 
1 | 
! 7 a NA SS 
i 
- ' Vo MAX 
, ot 
l a | 
ntegrator 
output 
| 
1 | 
| I 
by 
\ 
t 
\ 
\ J 
| | 
1 
1 | 
| 
GND ----— 





Deglitch 
g | -—__— Deglitch period T ae 


By denoting the clock frequency fcLk cycle as To, the maximum value Vomax and minimum value Vomin of 
the integral voltage output can be given as the following equations. 


Vomax=-2-* To#267 +124 To*¥ 266 (tat+ts max) 


Vomin==-2¥To¥12+72-# To¥1 1 (ta+ts min) 


This integral voltage is held to the capacitor C of the integrator when the current switch is turned off. 
This voltage is utilized as the D/A conversion output in the deglitch period T. This T is determined by 
the settling time of the deglitch circuit. 

If setting of the conversion time and deglitch period are equal, the relationship between the conversion 
synchronization fs and the clock frequency fcik can be given as follows: 


fo== fcLk — fcLk 


2X(tattsmax) 734 


Assuming that fs=44.1kHz, fo.k becomes 32.4 MHz. 

However, when it is used in practice, it is sufficient to consider that fs=fcik / {(ta+ts mMax+1.Ous)+T}, 
since approximately 0.5 to 1.0 us will become necessary to the settling of the integrator after the 
current of ts is being switched off. 

Where, io is the integrated current which is corresponding to 1LSB, and lo is that of corresponding to 
28LSB. 
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(3) Setting Integral Current (Iset, louTL, louTr) 


(4 


~— 


The integral current is determined by the value of a regulated current flowing from Iset pin. 
Its relationship can be expressed as follows: 
lout. (R) = lo + io 


anal 
(4 + 25) Iser 


Assuming that Do; MSB, D15; LSB, the integrator output voltage Vo can be given as the following 
equations. 


Vo= 12. (Do# 27+ Di #26+ 2. +B7*29+12) To 
+42. (Ds*27+Do*26+ _.. #D15#29+11) To 


Assuming that Iset=500 UA, To=1/35(MHz)=28.6(ns), and C=2000 pF, the output voltage of the 
integrator becomes maximum when the input data is “10 to O”, and that value Vomax becomes as 
follows: 


lo=4 * ISET 


As io=—-*! 
S lo 64 SET 


= —2.0X107° - ¥267*28.6X109 
VoMAX 500010=72 6 8. 0 


_500*1076/64 4 o¢6%98.6X109 
+ 200010712 ere 


=7.67(V) 


Function of LRCK OUT (LATCH, LRCK, LRCK OUT) 


The LRCK OUT output drives the analog switch IC (MC 14053B or its equivalent) to cut the output 
converted by CX20017 and the integrator as a PAM wave. 

Jitter in a PAM wave causes conversion errors, and a D-type flip flop is contained to absorb this jitter. 
The LATCH input is used as a clock to drive the flip flop. The D-type flip flop changes the output 
condition in synchronization with the rise of the clock. 


This LRCK OUT functions only when +5V is applied to Vcc. The output voltage level is —3 to +3V and 
can efficiently drive the CMOS analog switch. 


LRCK >< | = ><J 
LRCKOUT | | 


LATCH, LRCK, and LRCKOUT Timing 
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(5) Clock Input/Output Pin (COUT, CIN CIN) 
The clock buffer has a configuration similar to that of an ECL logic circuit, and its input pin is biased by 
an internal bias circuit. (~—1.3V) output amplitude level is 0.8V. 


Bias Pin (DVee, SUB, DGND, Vcc, AVee, AGND, and DC BIAS) 

SUB is the IC substrate and can be used by making its potential common to DVee. The standard values 
of DVee and AVee are —5.0V. 

The CX20017 can be operated regardless of whether the digital input pin is in the ranges 0 to —5V, or O 
to +5V. When operating with an input voltage between O and +5V, raise the level of the Vcc pin to 
+5V. As mentioned before, LRCKOUT is output in this case. 

Open the Vcc pin when using an input voltage between O and —5V. The DC BIAS is the bias circuit for 
the output circuit of the discharge signal. A current of approximately 2.5 mA is required for the standard 
value. Supply a current higher than (2.5 mA + a) from a +5V and higher power source. 

The potential of this pin is biased to 2V¢t. 


(6 


_——— 


The value of @ is determined as follows. In order to maintain this pin voltage of 2Vt (~1.4V), 
approximately 0.5 mA is required. In addition, the maximum current flowing to load resistance Rt which 
is connected to DCR (pin 15) and DCL (pin 23) can be obtained by the following: 


> X(Vocu+ |DVee| )<2 


when Ri=4.7 kf, VocH=0.4V and DVeeE=—5V, 
a=0.5+1.32=1.82 (mA) 

and the total becomes 4.32 mA. 

As the recommended value, it is 5 mA at Ri=4.7 kQ. 
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Peripheral Circuit 
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2SK152 
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Cx20017 35—40MHz 








1/2 LF 353 O pee 
oy OUTPUT 
L.BIAS L F356 ve 
O ” 
+ 
44.1 KHz 0 2SK 152 eI + 15V 
88.2 KHz oO : 
1.4MHz O 
DATA O 


Seale 


* 


Polystyrene capacitor is recommended to use. 


** The one manufactured by Murata Mfg., AFL89WB 
20000C3 


The evaluation boards applying the above circuit are prepared. 
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Fig. 2 


Current Ratio Measureing Circuit 


L£1L00Z2X9 


O.1u 0 +15V 
My 
O14V (when IseT= 250A) 
+ O.1p 
a 2.3V ( when IseT= S75yA) 
Swtd ong 
HN | 


bO Oa 
Swe O ~15V 


+O 


eic/a ice 


Voltmeter 


1kQ : 16 kQ 10.5% 16 resistors connected in parallel. 


> 
OO) 
7 Lt sw3 
Oty {K 256 kQ : The above 16 resistors are connected in series. 
Voltmeter: To be 5 digits (45) 


| ROM SG A 
3 CLKe a4 
| CLKO ao 0b 


O ISET. 250UA ,575uA 
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A circuit example by which deglitcher is carried out with sample/hold type 


+5V 10K 


Integrator 
LPF 


Integrator 
LPF 





r 
Pt 
a 
xX 


uPD 4053 


°o 
Cc 
+ 


Fig. 4 


dae 


Timing Chart During Stereo Mode 


LRCK (44.1k) ee es SS*S~—~ST 
WCLK (88.2k) ee, ee SCC 


BCLK (1.4M) 


DIN 4S essheoh2 A SAARSASATASAS AK 12H Arf 1S Hepersh 2A SAF AS KENT LEAS MOMMA Ai SHegeseh 2K 3 hah SAS AT) SAB KIOKt#) 
cc(a.2k)  lCUETTTTrTCwm ee COT”™t~”””CCCdSCi‘<‘C ‘“ “‘“ Cié‘“(C‘(‘iC STS 
ero A Cancer | (SON RE PRN OREN ar 


Lch Integrator 
Output 


DCL | | 


Rech Integrator 
Output 


.DCR ee erate ae oe ee ee ee eee 


Fig. 5 
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ISET 


lo/io vs. 


lout temperature characteristics (lotio) 


(uidd) LNO; 





Iset (uA) 


Ta (°C) 


Output current vs... 


Frequency (Hz) 


Distortion ratio (dB) 





oe: eee 


IseET = 500nA 


Power supply voltage (VEE) 
VeE — Power supply voltage (V) 





(v7) LNO, 


SONY. CX20018 


Dual 16 bit 44 kHz Multiplexed A/D Converter 








Description Package Outline Unit: mm 

The CX20018 is a monolithic bipolar IC designed 
for PCM (Pulse Code Modulation) audio. This IC 28 pin DIP 
consists of 16 bit counters, shift registers, clock 
buffer, clocked synchronous comparator, stabilized 
current source and TTL compatible interface circuits, 
etc. 


Features 

e Line monotonicity 

« Low noise 

e TTL compatible input/output 

e Stereo or monaural modes can be selected by 
external control 


Structure 
Bipolar silicon monolithic IC 


DIP-28P-02 





Absolute Maximum Ratings 


« Supply voltage Vcc to VEE 12 V 

¢ Operating temperature Topr —20 to +75 HC 

¢ Strange temperature Tstg —50 to +150 °C 

e Allowable power dissipation Pp 1.7 W 

Recommended Operating Conditions 

« Supply voltage Vcc 4.75 to 5.25 V 
VEE —5.25 to —4.75 V 


*Note: Refer to page 311 (CX20018PCB) as the application note. | 
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Block Diagram 


VH2 
CIN 2 
Vi 2 
VHi1 


CIN 1 


poms 


Upper 
Current Source Ha ae 

9 bit 7 bit 
Counter, Counter, Timing 
Shift Shift Circuit 
Register Register 

Channel 

Switch 


_ Clock Gate 


Comparator 
Latch 


) 


Cert 





ECL-TTL 
Interface 
Circuit 


TTL-ECL 
Interface 
Circuit 


Divider 
Circuit 


Clock 
Buffer 


Hold 
Pulse Circuit 





TGND 


DouT 
TVcc 
EGND 
BCLK 


Control Pin 


fmcik 
n 


CLKOUT 
CLKIN 
CLKIN 
MODE 
SH 1 


SH 2 


EVEE 
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Electrical Characteristics (Ta=25°C, VeeE=—5V, Vec=5V) 


Supply Voltage VEE —5.25 V 
Range *! 

Supply Voltage Vec 
Range *! 


Circuit Current 
Circuit Current Icc 


Current Output IOLEAK 1, 2 (Pins 1, 2 Voltage=OV 
Pin Leak when current output is off) 


Pin No. and Test Conditions 


— 
< 
xo) 


=e 
NI 
o 


1 


ol 
2) 


| 
- 
Ny 
a 


J 
Flo 
Clo 


‘e) 
N 
BEER 
ai és ol 
? : oO NO 
ro) S| & 


0 C 1, 2 (Pins 1, 2 Voltage=OV. 1.64 
lout Output Current lset=410 pA) 
lo/io 1, 2 (Iset=410 pA) 127.0 | 128.0 | 129.0 


4 


: IsetT Max. 
Maximum IsET 


Current 





127.08 7 <129.0 
0) 


VSH1H 16, 17 


VSH2H 


Sample Hold Pulse 
High Level Output 
Voltage 





VSHI1L 16, 17 


VSH2L 





Sample Hold Pulse 
Low Level Output 
Voltage 


Clock Input Bias VCLKIN 19, 20 
Voltage VCLKIN 


Clock Output Low ICLKOUTL 21 
Level Output Current 


CC, CC Input Bias VccIN 12, 13 
Voltage VCCIN 


Data Output High VDOUTH 
Level Output Voltage 

Data Output Low VDOUTL 
Level Output Voltage 

Bit Clock High Level} Vec.ikH 
Input Voltage 

Bit Clock Low Level] Veeck. 
Input Voltage 

Bit Clock High Levell IBcLKH 
Input Current 

Bit Clock Low Level! IsctkL 
Input Current 


Distortion “3 Factor} THD 






<< 3 <<<} 5 | a) 5/3} << 
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27 lox=0.1 mA . 


27 lor=—0.4 mA 


24 


24 


24 


24 


° N wo 
NO (@) No 


During O dB (full scale) playback 
for both channel 


During ~20dB playback for 
both channel 
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Item Symbol Pin No. and Test Conditions join, | Typ. 
Maximum Operating] fmcik Self-excitation or separate 
Clock Frequency excitation 
Meu(=}2SSSs=~C~—~S OT 
ven (2) foo | 














Unit 


< 
OD 






NO 


Dividing Ratio 
Control Voltage 


Ten a) [28 SSOSCSC~i 
ven @[ 23 SSSSC~C~S~S SOT 
18 Stereo, S/H ON 0 | 
a 
— 
an 


No | © 


BE 












Vmope (2)| 18 Stereo, S/H OFF | 
Vmove (3)| 18 Monaural, S/H OFF 0.8 | 
Vmope (4)| 18 Monaural, S/H ON 5.0 


Note) 1. Pins 1, 2, 3, 6, 7, 8, 9, 10, 11, 14, 21, 25 and 28 are for grounding, pins 18, 22, 23, are 
connected Vcc. Pin 4 draws 410 PA of current by external current source. 
2 Reference to the current ratio test circuit. 
3 Conversion Frequency 44.1 kHz 
Distortion Meter HP339A (all Filters are turned on) or its equivalent that has an 80 kHz, 
LPF, 30 kHz LPF and 400 Hz HPF. 


Mode Control 
Voltage 


© 
No 


NO 
oO 





*1 Recommended operating voltage 
*2 In the current ratio test circuit (See Fig. 1) 


15 X 8 (kA) X io (uA) — iz (kQ) X lo (uA) | << 12.0 mv 
*3 Measurement Method (See Note 3) 


A/D D/A 
CX20018. CX20017 


THD < —90 dB fy iN = 1 kHz or its equivalent 
fMCcLK = 84.6 MHz 







HP339A 
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1.538V (when Iset = 410 nA) 


Current Ratio Test Circuit O 
2.812V (when Iset = 750 uA) 


O +15V 
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Electrical Characteristics Test Circuit 


(a Swi 
Current Ratio Test Circuit e 


oF Ob iy toe ate 1OOOOP 
15 k92/16: 16 resistors are connected in parallel. a SW3 7 72 
15 kQ x 8: 8 resistors are connected in series. (resistor 


500 

tolerance + 0.5%) 7 : 
lo: Pin 7 and 10 voltages are set at O.5V. 4000P 
ig: Pin 7 and 10 voltages are set at —1.0V. rn + (v) 

- + 500 Voltmeter 
e To be 5 digit (4 1/2) 
15K/AiG 
SW2 


b 1p ae 


1000P 
sae ‘al J 
e 


Lhd {0000P 


+ 
Cc CO a b ile 
@ 


10p, 
40000P == 
ak a 


1413121110 9 8 765 43 2 1 


Oe = 135V 











2K 
10000 


2K 
CX 20018 






2K 
SW2 | SW3 
15 16 17 18 19 20 21 22 2324 2526 27 28 
t 
EVeEEO ( 10000|P = 
—SV {OP |set 

£ 410pA | b | 

= a sown P| 0) 
5P IL 
ss e) 
OOOP s500nH 5 
X’tal = 84. 6MHz O) OO 0 0 O 

+5V +5V4+5V +5V AVEE ae 
Fig. 1 —5V @ 
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Description of CX20018 Conversion Process 


Conversion process 

The timing circuit controls a conversion cycle and send “Data Transfer Pulse” to the 16 bit shift register for 
transmitting the last converted data. It is reset by both the edge of CC (Conversion Command), and the 
master clock pulse is fed to the timing circuit. 

“Data Transfer Pulse” and “Mask Pulse” become ‘’H” level as soon as the timing circuit starts to count 
clocks. ‘Data Transfer Pulse” becomes “L” when the timing circuit counts 11 clocks, and then the last data 
is transferred. Simultaneously, “Current Switch Pulse” becomes “’H”, and integral current starts to flow. 
“Counter Preset Pulse” becomes “H” when the timing circuit counts 16 clocks. And then, upper and lower 
level counters are reset. Counter Preset Pulse holds ‘’H” level during the period of 8 clocks. 

When the timing circuit counts 31 clocks, Mask Pulse becomes “L’” and A/D conversion starts. 

The coarse current “lo” discharges the sampled charge of integrator until the output voltage of integrator 
crosses the reference voltage (VrefH). During this period the upper level counter counts the number of 
clock. After crossing the VrefH the fine current discharges the remaining charge of integrator. The lower 
level counter counts the number of clock unit! the output voltage of integrator crosses the lower level 
references voltage (VrefL). (See Figs. 2, 3, 4) 


Data output 
Data are 16 bit serial signals and 2's complement. The serial data are synchronous with a rising edge of Bit 
clock (BCLK), and only MSB data is synchronized with a edge of ‘Data Transfer Pulse’. (See Fig. 3) 


Monaural operation mode 

In monaural mode the external integrator is tracking the input signal during CC is “H” state. At the moment 
when CC goes “L” state, the CX20018 starts conversion. The data is transferred to the output from MSB 
sequentially. 

After 16 bit data are transferred, ‘‘Data Out’ comes to the “H” level and keeps “’H” level until next 
conversion. (See Fig. 4) 
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Interface Circuit, Divider Circuit, Sample Hold Circuit 


(1) Integral current output 
Recommended value; Iset = 410 PA 
( lo = 4 Iset = 1.64 mA ) at C= 1000 pF fmcik = 84.6 MHz full scale 10V 


ed - 
= — Iset = 12. 
lo 39 set 8 PA 


Iset = 750uA 


(2) Clock Buffer 
(a) Internal clock (Excited circuit with crystal) 


CLOCK 
BUFFER 





(X‘tal 84.6 MHz) 


(b) External clock 


}—-@ }}——-_ cout }—@}}——- cikout 


| 


SO CERN 


CLOCK IN | 


——{(i9)—— CL K IN 


[ 


1 Balanced input 





2 Single ended input 
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Select guide of master clock frequency 

« Maximum operation clock frequency 100 MHz 

e The minimum number of clock for a conversion is calculated as follows. 
(29 — 2) + 2 XK (27 — 1) + (25 — 1) = 795 clocks 


4 
Upper level Counter Timing circuit 
Lower level counter 


In case of conversion frequency of 44.06 kHz, 
2fs X 795 = 70.1 MHz fs: Sampling frequency 
fucik 2 71 MHz (Conversion time is assigned 1/2 of period.) 
« Conversion time is assigned 3/4 of a period in monaural mode. 
fuctk = 48 MHz 


Note; See as follows 


Conversion ‘ ; 
onversion 
pions Sampling 
] 


| 1 
— ee eee 
\ 4fs Rd Afs 
| 


(3) fucik/N Output 
The output of fmctk/N is prepared for synchronous operation with digital circuit. 
Divided Value “N’ is determined by external control, and N is 2, 4, 8 or ©. 





fMCLK 





Control Pin 


Basic Divider Block 


ac hT = 


CX20018 


OFF 
— om om ame 2.0V 


ES te 
eee YU 0.8V 


aa 
2 'MCLK 
— oe oe om 0.2V 


val MAM ——<—= —0.2V 


au f 
4. 'MCLK 
— c— a ore ~0.8V 


i LLL Some mew = 2.0V 


SW d 


as 
3 'MCLK 


Seas —5.0V 


Threshould value of Control Pin 


(4) Recommended Interface Circuit 


(a) ECL 10k (N=2) 
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(NT Veru Ramee 
[=| sovE ver 220v 
[a [-02v2ver12-08V 
[a [ -20vEver.2—s0v_| 





(b) TTLs (N=4 or 8) 





+ 5V 
R 
fucuK Aa cas 
= R = 3.6K (LS) 
R = 3K (ALS) 
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(5) Stereo mode, Monaural mode 
Stereo or Monaural modes can be selected by mode pin. And ON" or “OFF” state of Sample Hold Pulse 
is selected similary. 
This is illustrated in the following way. 





-——<——— = 5.0V 
Stereo Mode 
} S/H ON 9 
INVALID = MLL ae 
i HOFF 
INVALID ~p--! [LLL a 
+a, _ eee Mode _ “oey 
INVALID Wy YU: oe _20V 
t Monaural Mode | 
eis —5.0V 





S/H Pulse 





CC Pulse 


OV 


SH 1 


SH 2 





—4.25V 


RL =15pF,VoH=—1 OV, VoL = —3.0V 


Propagation Delay Times from CC input to SH1, SH2 output 
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(6) Data Out 






DATA 

Only MSB is delayed against the CC ces) The counter data which have been converted are transmitted to the 
Others are delayed against the bit clock. shift register with the TRANS pulse. However, due to the circuit 
tw; One cycle of master clock structure of the shift register, it cannot be transmitted unless 


the BCLK and TRANS are simultaneously at high. 
Propagation Delay Time from CC or BCLK Data Out 


(7) Relationship of Vin max, CSH, Iset, lo and io 
(1) Vin is defined as the input voltage of integrator. 
(2) lo, io are defined as the coarse and fine integral current respectively. 
(3) In case of a full scale input voltage. 


— lo To 9 — 4) + lo To (97 — 
Vin max CSH (2 ) CSH (2 1) 


: C 

. —_ ee | 

Using lo = 4 lset, io = — Iset 

32 
CsH 
Vin max = 35 . fate (216 1) 
R 5 
Assuming, y; = 10 Vp-p, & a ee 1 
a sa PrP, fo 84.6 MHz 


CSH = 1500 PF 
-Iset = 620 PA 


a = jo To = 152uV 
1LSB mat 





{ out 


. 


Note) In case of non-inverting operation, Vin Max. is limited to 5 Vp-p. 
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(8) The maximum frequency of BCLK. 
The maximum frequency of BCLK is derived as follows: 


fecLk = ele 
2tBH 


11 
> 
teH = td + fcie 


Ons S td S 100" 





+ 50"s 


Therefore, 
facuk S 1.7 MHz on condition that the duty of BCLK is 50%. 


factk S 1.7 x * MHz on condition that the duty is X%. 


K: 
BCL tBH 


duty: 50% 


CC: | ty | 
Data | | 
Transfer 


Pulse: 








fMCLK 


Vini 


15 


-15 


T GNO 


A GND 


D GND 


ieee 


in 





* All by-pass capacitors for Op Amps are 10000 pF value 
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Typical Application 
16 Bit AD Convertor Peripheral 


1K ‘Circuit (Stereo Mode) 


Wave Form 









-- OV 
8 Pin VOLTAGE 


Tt 
| [G 


en OV ae 


fice 5 
itm: 









VOLTAGE ! 


81002X9 


* ba ip? <a See to Page 13 and 14. 
. * Rset, CSH: See to Page 16. 


eee 
Le @ aye (Rset = 42 kQ when Iset = 410 wA, Rset = 22 kQ when 
iset = 750 yA.) 
AY Vd 


@ 
DATA OUT BIT CLOCK 


Fig. 5 16 bit A/D Converter Peripheral Circuit (Stereo Mode) 
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Typical Application — Monaural Mode 


16 Bit AD Convertor Peripheral Circuit (Monaural Mode) 


* All by-pass capacitors for Op Amps are 10000 pF value 


{SV oO 


a 78L05 
vy “a {OOOOP eek 
VIN = 
10K WV : 
int ae ede = ro 
| ¥ ees 2) 





OD OUT 





AGND © OB CLK 


aaa ee 
a a Ef feol a Pd 
79M05 & 





810072X9 


D GND o 


cc O 


OV 2D: See to Page 13 and 14. 
* Rset, CSH: See to Page 16 (Rset = 42 kQ when Iset = 410 wA, Rset = 22 kM when Iset = 750 BA). 


Fig. 6 16 bit A/D Converter Peripheral Circuit (Monaural Mode) 
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15 Vo 
a 77 | ao M 
10K 
150P 
GND O 


A GND A GND 


SH | OUT VL 
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Fig. 7 Application Circuit (Non-inverting Circuit) 
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'MCLK (MHz) 


Variation amount (PPM) 


fMCLK temperature 
characteristics 









il Ga 
SRa SRR RES 
oc 
re ee 
eee 
eatin Seer ee 
Peeeee 
pale ae tie cafe letalieall 2 
-20 0 20 40 60 80 
Ta (°C) 
Output current temperature 
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Pp — Power consumption (W) 
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Current ratio temperature 
characteristics 
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16 bit D/A Converter 


Description 


The CX20133 is a 16 bit D/A converter IC for 
PCM audio using the integrating formula. Analog 28 pin MFP © 
signal is reproduced from the 16 bit digital signal 
by combining an integrator, analog switch and low- 
pass filter to the IC exterior. Following circuits are 
also built-in so that it can be operated in sync with 
the CX23035, LS! for CD (compact disc) system. 

@ Integrating current output 
® Two channels of discharge signal output 
® Level shifting for interface direct with TTL/MOS 

LSls. 

® Analog switch drive. 


Package Outline Unit: mm 


19.2MAX 


Features 

@ Miniature flat package requires only small 
mounting area. 

® Conversion frequency of 44.1 kHz. 

@ Serial data input. 

® Low distortion factor typically at 0.003%. 





MFP-28P-LO2 


Structure 
® Bipolar Silicon Monolithic IC 


Absolute Maximum Ratings (Ta = 25°C) 


© Supply voltage Vcc to VEE 12 V 
® Operating temperature Topr —10to +75 °C 
® Storage temperature Tstg —50to +125 °C 
@ Allowable power dissipation PD 11 W 


Recommended Operating Conditions 


® Supply voltage Vcc 
VEE — 


o1 O1 
He H+ 
2° 
NO BO 
ool 
<< 


= 55 


Block Diagram 









DC BIAS DCL D GND 


a ae 
iS ees. 


NC 


1 OUT L 


@1}-——20) 
a 





lo : 





io= 


CONSTANT CURRENT SOURCE 


28: | 


(7-6 9) 
aT 





|OUTR | SET 













(R) 






cc D GND 


DCR 


(4) 


DVEE 


ECELOSXI 
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Symbol Description 


Power supply pin for the digital circuit. Applied with —5 V. 


2 UB IC substrate. Always connected to 1 pin. 
CC 


TEST 1 Test pin, normally open. 


S 
Power supply pin for the digital circuit. Applied with +5 V. 


TEST 2 | Test pin, normally open. 
LATCH Clock pin of D-type clutch. 


7 LRCK LRCK input pin. 


WCLK input pin. 

BCLK input pin. 

| DIN DIN (data input pin). 

LRCK output pin. 

CC input pin. 

13 Ground pin for the digital circuit. 

Power supply pin for the digital circuit. Applied with —5 V. 
Output pin of R-channel discharge driving signal. 
Pin for setting integration current. 

17 Output pin for R-channel current. 

Output pin for L-channel current. 


No connection. 


a" 
NO 


AVEE Power supply pin for the analog circuit. 


AGND Ground pin for the analog circuit. 
| DGND | Ground pin for the digital circuit. 
| DCL Output pin for L-channel discharge driving signal. 


DCBIAS 


20 
21 
22 


Bias pin for the discharge circuit. 


COUT Output pin for the clock oscillator. 


DCL 
Positive input pin for the clock oscillator. 


2 
2 
2 
2 
2 


Negative input pin for the clock oscillator. 


3 
4 
5 
6 
7 
8 


2 


Ground pin for the digital circuit. 
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Electrical Characteristics 
(Ta = 25°C, VeE = —5.0V, Vcc = 1.0V) 


=e 


Secret itowcrencaitten 


ee ecnneiaie 7, 8, 9, 10, 12 





Item 





Circuit current 
Circuit current 


Input threshold 
voltage 


High-level 


te 


| 
< 
xo) 


—_— 
N 
oO 










6, 7, 8,9, 10, 12 


input voltage 
Low-level 
input voltage 6, 7,8,9, 10, 12 


High-level 
input current 
Low-level 
input current 
High-level 
output voltage 
Low-level 
output voltage 
Clock input 
bias voltage _ 
Clock high-level 
output voltage 
Clock low-level 
output voltage 
Current output 
pin leak 


louT output 
current 


6,7, 8,9, 10, 12 ViH =4.5V 







6, 7, 8,9, 10, 12 Vit =OV 


Pin7 = 4.5V low = —100nA 


VLRCKH 11 





Pin 6:1 clock input:0V —5V—OV 


11 Pin7 =OV_ lot = 100uA 
Pin 6:1 clock input: OV—5V—OV 





VLRCKL 


VCIN 26,27 





VCCR 


VCOL 


ice 


17.18 Pins 17, 18: voltage = OV 
LEAK : when current output is off. 


Pins 17, 18: voltage = OV 
17,18 Pin 16 lsetT = 500uA 2.008 
(lout = lo — io) 





lout 





Both right and left, OdB (full scale) 
reproduction 680Hz 


Both right and left, — 20dB 
reproduction 680Hz 


Operating clock be 
Self-activating/Activated 


Note 1) Ground Pins 13, 17, 18, 21, 22, 24 and 28. Connect Pin 16 via a resistor of 5.1 k{2 and keep other pins 

open. 

2) loand io must satisfy the relation below in the Current Ratio Test Circuit (Fig. 3): 
—3.9 (mV) < 1 (kQ) X lo (uA)— 256 (kK) X io (uA) < 5.9 (mV) 

3) See the Test Circuit (Fig. 2). 
Conversion frequency: 44.1 kHz 
Input data: Use the 16 bit full-scale data (0 dB) generated by the data generator. 
Distortion meter: Use the HP339A (with all filters on) or the like provided with 80 kHz LPF, 30 kHz LPF and 

400 Hz HPF. 


*1 In the Current Ratio Test Circuit (Fig. 3), 
~3.9(mV) < 1(kQ) X lowA) — 256(kQ) X io(uA) < 5.9(mV) 


0.003 
ic 


Distortion factor 









fCLK 


Current ratio* 1 lo/io 17,18 Pin 16 IseT = 250uA 255.0 | 256.0 | 257.5 Deas 
Discharge 
circuit current Set Pin 24 to OV. 1.35 
dissipation 
Discharge circuit ” 
high-level output VocH (528) ee 0.27 
voltage aol = BM 
Discharge circuit it, 
low-level output Voct 15, 23 ee A 
voltage a M 
Maximum Iset ISET 16 [n the range when the louTL(R) 
current current ratio satisfies 255 <lo/io< 257 
esl 5 


Fe 

x > 
ws) x 
Fl 
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Description of the Conversion Operation 
(1) Data call (BCLK, DIN, WCLK, LRCK). Refer to Fig. 6. 


(2) 


The data comes in 16 bit serial signal with 2's compliment. The data is sent sequencially into the IC 
beginning from MSB in sync with the rise of the bit clock (BCLK). (The data change represents the 
BCLK fall). | 

When the word clock (WCLK) is changed from the high-level to low-level at the 17th fall of BCLK, 
the 16 bit data is transferred from the shift register to the latch by the fall signal. 

When the CX20133 is used in the stereo mode, data from other channels are sent in from the 17th 
BCLK. . 

In the stereo mode, Rch data is called when LRCK at the low level and Lch data is called in when the 
LRCK is at the high level. IOUTL and DCL operate only when LRCK is at the low level and IOUTR and 
DCR operate only when LRCK is at the high level. 


Conversion operation (CC, LRCK, CIN, IOUTL, IOUTR, DCL, BCR) 

When more than 3 clocks are input from the clock input (CIN) with conversion command at the high 
level, all inner timing circuits are reset. 

After resetting, the inner timing circuit starts operation when a clock is input from CIN with CC at the 
low level. The three signal generated this way are the discharge signal, counter set signal and integrating 
signal. Time of these three signals is determined depending on the clock cycle and their number of 
quantity: 


CC <4 
Discharge signal eee ls 


: — 
Counter set signal o's 


| | Ps teeeap— te 
Integrating current start signal | 


t1 =.34 X ro 
t2 = 67 X ro 
t3 = 31 X Tro 
t4 = 65 X ro 


t5 Min = 45 X ro (input data 01 to 1) 
t5 Max = 302 x 7o (input data 10 to 0) 


The counter set signal is to set the data input to the latch to the counter and it is not output 
externally. 

The discharge signal is output from DCL and DCR and it is controlled by LRCK. It is output from DCL 
when LRCK is at the low level and from the DCR when LRCK is at the high level. 

By the integrating current start signal, the upper current lo and lower current io start flowing. The 
counter starts counting from the preset value simultaneously when the discharge signal is off, measures 
the 11 offsets after completion of counting and outputs a signal to stop the integrating current. 

The t5 value is varied between O and 255 by the preset input data in the counter. 

Therefore, the conversion time from the start of low CC level to the completion of integrating requires 
t4 + t5 sec max. 

The integrating current, like the discharge signal, is controlled by LRCK; IOUTL is output when LRCK 
is at the low level and IOUTR is output when LRCK is at the high level. 
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The Relation between Sampling Frequency fs and Clock 


a ee rs Oe 


DCR/DOCL | te | 
| Pca 
Pee cr (Oe) a | 
Integration current i ly Nl 
| . 
ts Min 
Reem 
| 


| VO Max 


Integrator output 





GND 





aes Deglitching period T ——] 


The maximum and minimum values of the integration voltage output, Vo Max and Vo Min, are expressed as 
follows: 


VoMax = 2 * 75% 267 + +10* 266 (ts + ts Max) 


Vo Min = trottZ +o trot (ta + ts Min) 


where fCLkK is a clock frequency and 7 is a period. 

The integration voltage is held by the capacitor C in the integrator when the current is switched off. This 
voltage is used as D/A conversion output during the deglitching period T which is given according to the 
settling time of the deglitching circuit. 

The relation between the conversion frequency fs and the clock frequency fCLK is given as below assum- 


ing that the conversion time and deglitching period are equivalent: 
eee fCLK _ _fCLK 
~ 2X (ta +tsMax) ~ 734 


where fs=44.1 kHz results in 32.4 MHz of fCLK. 
It is, however, recommendable to specify fs as the follow for the practical use because a settling time of 
0.5 to 1.0 ys is required for the integrator after the current for ts disappears: 


fCLK 


ae (ts + ts Max + 1.0 (us)) + T 


fey «ieee 
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(3) Integration current setting (ISET, IOUTL, LOUTR) 
Integration current is determined by a constant current value input through the ISET pin, which is 
given as below: : 


IOUTL (R) = lo + _ 
= (4 +25) ISET 


where io or lo are integration currents corresponded to the ILSB and 2° LSB, respectively. | 
If Do and Dis are specified as MSB and LSB, respectively, integrator we voltage Vo is given by the 
following equation: 


Vo =—2 (Do#27 +Di*27+----» +D7*2° + 12) 70 
+ (D2 +Do*26+----- + Dis +2° +11) 70 


where ISET =500A, 70 = 55 Ri) =28.6 (ns) and C=2000 pF result in the maximum output voltage 


Vo Max of the integrator when any of a value from 10 to O is given as an input data. Based on the rela- 
tions below, 





lom4+ISET 
1 
io= 64 ISET, 
Vo Max is calculated as the follow: 
2.0 X 10-3 
a ee Ee ee * —9 
VoMax = 7000 x 10-72 *267 * 28.6 x 10 


500 * 10- °/64 
2000 Xx 10-12 
7.67 (V) 


* 266 * 28.6 X 10-2 


(4) Operation of LRCK OUT 
The LRCK OUT is an output for the analog switch IC (equivalent to MC14053B) drive to clip the 
output converted by the CX20133 and integrator as a PAM wave. 
A PAM wave jitter may cause a conversion error and a D-type flip-flop is incorporated to eliminate 
this jitter; the LATCH input is used as a clock for the flip-flop. 


This D-type flip-flop changes the output status in sync with the clock rise. The LRCK OUT operates 
only when +5 V is applied to Vcc. The output voltage level ranges from —2.7 V to +2.7 V enough to 
drive the CMOS analog switch effectively. 


atege! LILI LE LJ Ly LL Le ee er 
eee ee 
LRCK OUT bees 


Timing of LATCH, LARCK and LRCKO 


ane 9 ee 
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(5) Clock input/output pin (COUNT, CIN, CIN) 


(6) 


The clock buffer consists of a circuit equivalent to a general-purpose ECL logic circuit, with its input 
pin biased by the internal bias circuit. The (= — 1.3 V) output amplitude level is 0.8 V. 


Bias pin (DVEE, SUB, DGND, Vcc, AVeE, AGND, DC BIAS) 

SUB is used at the common potential with DVEE. A standard value for the DVEE and AVEE is —5.0 V. 

The CX20133 is devised so that it can operate when voltage at the digital input pin has a value be- 
tween either 0 to —5 V or O to +5 V. When operated with an input between O and +5 V, +5 V must 
be applied to VCC. In this case, LRCK OUT is output as mentioned above. 

When operated with an input between O to —5 V, VCC must be set open. 

DC BIAS is for the bias circuit of the discharge signal output circuit. Supply current of (2.5 mA +a) 
from a power supply of +5 V or above, because this pin requires approx. 2.5 mA current as a standard 
value. The potential at the pin is biased at 2 Vf. 

A value a can be determined according to the following procedures. Approx. 0.5 mA current is neces- 
sary to retain 2 Vf (approx. 1.4 V) at this pin. The maximum current that flows through the load resistor 
RL attached to DCR (15 Pin) and DCL (23 Pin) is calculated as the follow: 


1/RL X (VocH + |DVeE|) 


The above equation results in 1:15 V where RL=4.7 kQ., VDCH=0.4 V and DVEE=—5 V are specified. 
Then @ is calculated as 


and required current is then obtained as 4.15 mA. Recommended value is 5 mA for RL=4.7 k). 


Ga= 





Application Circuit and Test Circuit 


~ €€LOZXD 


+15V 


— 15V 





# 1000pF is of a polystyren capacitor. 
# # Murata Mfg. Co. Ltd.: AFL89WB20000C3 


Fig. 2 
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Current Ratio Test Circuit 


EfLO?XD 


1k: 16k0D + 0.5%, 16 resistors 


connected in parallel. 
256 kQ2: Above resistors connected in series. O.1p ee, 
Voltmeter: Use a 5-digit meter (4 1/2). Sera 
© 1V (when ISET = 250 A) 


+ 
Hom 
sw! T 
sw2 bo 9a NI 
9° 


o-15V 


+ 


Volt meter O 
O.lpi+ O 
- © Sw3 

il | 1k 


ROM SG Ssw4 
CLK © ‘ 
ELK o ad ob 
aa 01 SET 250A, 575yA 
2 ae Gee eee ee 
28 27 26 25 24 23 22 21 20 19 18 I7 16 15 


ait la ow 
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7 8 9 10 11:12 13 (14 
GND +--+} +} +++ 
-5V aes ey eee Es ee es ee 


+5V jt 


1.4MHzf 88.2KHz DATA 
44.1 KHz 





Fig. 3 
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Sample/Hold Circuit for Deglitching 


: 
Integrator re (14) : 





hoe) 
$k THE oie 

Integrato 
ntegrator @)—o-L, a pe 

SOk 

1Op 

4 
LRCK Ral uPD4053 LF353N 
OUT 


Fig. 4 
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Timing Chart in the Stereo Mode 


urcK 441K Df 
weik (882k) CO 3$L se t—“—~éis~dti‘(<‘ WW®!®!U€ULULULULULULULULULULULULULULUDLUmUmh ULL 


BCLK (1.4 M) 





DIN 


ccis2k) =—St(CiCNSeeeeteti<CS™Ss—CsésdrS<“<(<“<;<3; W®”*”*é<Ci ff 
uRcKOUT” —(tié‘CM 


Lch integrator at el 


DCL | 


Rch integrator output ee 7. 


DCR 





* When LATCH input is used as BCLK. 


Fig. 5 
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Temperature characteristics of lout (lo+id | 
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CX20152 


Dual 16 bit 88 kHz Multiplexed D/A 


Description 

CX20152 is a 16-bit D/A converter IC for PCM 
audio. It uses an integration system consisting of 
the following circuits. 
® Clock signal generator 
® TTL-ECL interface circuit 
®@ Discharge drive circuit 
@ Analog switch drive circuit 
@ 1/4 frequency divider output circuit 
By adding an integrator, analog switch and low pass 
filter externally to the IC, analog signal is repro- 
duced from the 16-bit digital data. 


Features 

® Conversion frequency 88.2kHz 

@ Serial data input 

@ Low distortion factor 0.003% (typ.) 


@1/4-division output of the master clock is available 


for the clock of the CX23035, an single-chip LS! for 


CD, and the digital filter CX23034. 


Structure 
Bopolar Sillicon Monolithic IC 


Absolute Maximum Rating 


@Supply voltage Vcc to VEE 
®@ Operating temperature Topr 
®@ Storage temperature Tstg 


@ Allowable power dissipation Pp 


Recommended Operating Conditions 
@ Supply voltage Vcc 
VEE 


Package Outline 


28 pin DIP 


| 38.2 Max 


12 V 
—20to +75 °C 
—55 to +150 °C 

2.1 W 
5 +0.25 V 

—5 +0.25 V 
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Unit: 


mm 








Block Diagram 


aes DC 
DGND CIN CIN COUT BIAS DCL DGND AGND AVeéE NC lOUTL JIOUTR ISET DCR 


O—-O—-@—_@@_O}-O@—-O]W—_O—-O—-O—-O—_O—O—-E 
Ty a 


Clock buffer z 
Discharge 
(L) 


Most significant 8 bits; shift register, latch and counter 
















Constant current source 


Ip2ie= 2 21 












Least significant 8 bits; shift register, latch and counter 


Cy at 
TTL-ECL interface circuit 


mT Te 
SCLK oe a eae es a 
Lae] Fee 


OOO) -O-) OO) 1) (9B 
DVEE SUB SCLK Vcc ON/OFF LATCH  LRCK WCLK BCLK DIN LRCK CC DGND DVEE 
OUT 
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Pin Description 


Symbol Description 
DVEE Digital VEE: —5V 


SUB IC substrate: Be sure to connect to Pin 1. 


SCLK System clock output pin 
Vcc Digital Vcc: +5V 
ON/OFF Pin to determine the system clock on/off 
LATCH 
LRCK 
WCLK 
BCLK 


Clock pin of D type latch 

LRCK input pin 

WCLK input pin 

BCLK input pin 

DIN (data input pin): MSB first 


LRCK OUT LRCK output pin 


'?) 


CC input pin 
DGND 
DVEE 
C 
ISET 
IOUTR 
IOUTL 


Digital ground 
Digital VEE: —5V 


Right channel discharge drive signal output pin 


O 


Integration current setting pin 


~~ 


Right channel current output pin 





Left channel current output pin 


2 


No connection 


N 


_ -—)} oo} oo] oo] oa 
orn oO WI RN (on) miki aw; hy{]— NS GW iN 


2/2 
zij z 


AVEE 
AGND 
DGND 

DCL Left channel discharge drive signal output pin 
DC BIAS 
COUT 


Analog VEE 
Analog GND 
Digital GND 


N] NM 


Discharge circuit bias pin 


NO 


Clock generator output pin 


Clock generator positive input pin 


NO 


Clock generator negative input pin 
Digital GND 


NO 


DGND 


ach ee 
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CX20152 Input/Output Pin Equivalent Circuits — 


Equivalent Circuits 


Negative protection 
device 


ON/OFF 





es ee 
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Equivalent Circuit 








a: 


CX20152 SON Y, 


| No. | Symbol Equivalent Circuits 


LRCK OUT 
LRCK OUT 





pepe 
pele 
pe em | 
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Equivalent Circuits 


IOUTR 
(IOUTL) 





Gas 
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Equivalent Circuit 
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Electrical Characteristics m 
(Ta= 25 C, Veg = -5.0V, Vcc = 5.0V) 


Unit 
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Conditions 
Pins 4,5 =5V 
Pin5=5V 
(6, 7, 8,9, 10, 12, GND) 
Pin5=0V 
(6, 7, 8,9, 10,12, GND) 


Item Symbol 








Circuit current 1,2, 14, 20 -125 






=| 


Circuit current Icc1 






Circuit current Icec2 





6, 7,8,9, 10,12 


VIH 6,7, 8,9, 10,12 2.9 
VIL 6,7, 8,9, 10, 12 
5 ViH = 5V 


< 
4 
x 


Input threshold voltage 


High level input voltage 





Low level input voltage 


0.7 1.3 
250 550 
0.35 
120 


mA 


3 


High level input current 1 


.< 






6, 7, 8,9, 10, 12 ViH = 5V 


High level input current 2 iiH2 


3 


Low level input current 1 11 








6,7, 8,9, 10, 12 Vit = OV 


With Pin 7 at 4.5V, set IoH = -100uA and input 
a clock of OV—5V—OV to Pin 6. 


With Pin 7 at OV, set IO, = 100KA and input 
a clock of OV—5V—OV to Pin 6. 


Low level input current 2 liL2 


High tevel output voltage VLRCKH 11 


> 


Low level output voltage VLRCKL -2.7 


RO 
~w 
| + 
ow ; 
N ee N 





3.4 4 


3 


SCLK output, high level VSCLKH 
VSCLKL 3 lo. = 400uA 


IDCBIAS 24 Vocsias = OV 


Pin 24 voltage = 1.3V 
VOCH fees Load current = 1.2mA 


Pin 24 voltage = 1.3V 


SCLK output, low level 


Discharge circuit power 
dissipation current 


1. 


N 


> oo 
as ol 


| 
> 


Discharge circuit high level 
output voltage 











Discharge circuit low level 











-4, 
output voltage woGe Tones Load current = 1.2mA 5 
IseT current ISET | 0.5 | mA 
Pins 17,18: Voltage = OV 

| output current 17,18 ; : ; 2.008 mA 
cies ve Pin 16: IseT = 500A (lout = lo + io) 
Clock input bias voltage VcIN 26, 27 

| hi | 
voltage 

I | 
voltage 

. lo Pins 17,18: | Voltage = OV when the current 

Current output pin leakage LEAK 17,18 Sutpucieet 1.5 pA 










17,18 Pin 16: IsetT = 500A 255.0 257.5 





1o/io 
THO1 Both right and left; OdB (full scale) when reproduced. 


Current ratio 





= 3 
ts 1<| < le] 3) <]<] 3 fet < |< [5tepslallt<] 2 [3 [alg 


0.003 
0.02 


Distortion factor 
% 


MHz 
5 MHz 


THD2 Both right and left; ©-20dB when reproduced. 0.025 





Operation clock frequency fcLK1 Both self-drive & external-drive Ta =-—20 ~ +70°C 


Operation clock frequency fcLK2 Both self-drive & external-drive Ta =-20 ~ +75°C 
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Description of Conversion Operation 
(1) Data pickup (BCLK, DIN, WCLK, LRCK) 


Data consist of 16-bit serial signals in 2’s complement. They are transmitted into the IC sequentially from the MSB in 
synchornization with the rise edge of the bit clock (BCLK). (The BCLK delay will change the data. The falling edge 
changes the data.) 

When the word clock (WCLK) is changed from high level to low level at the 17th BCLK, the 16-bit data is transferred 
from the shift register to the latch with the decay signal. When CX20152 is used in the stereo mode, other-channel 
data are transmitted from the 17th BCLK. . 

In the stereo mode, the Rch data is picked up when LRCK is at a low level and the Lch data is picked up when LRCK 
is at a high level. JOUTL and DCL operate only when LRCK is at a low level, and [OUTR and DCR operate only 
when LRCK is at a high level. 


(2) Conversion operation (CC, LRCK, CIN, IOUTL, IOUTR, DCL, DCR) 


When more than 3 clocks are fed from the clock input (CIN) with the conversion command (CC) at a high level, all 
the internal timing circuits are reset. 
After the resetting, the internal timing circuit starts operation when a clock is input from CIN with CC at a low level. 


From this operation, three signals, Discharge, Counter set and Integral current Start, are generated. Timing of these 
signals is determined as follows by the clock interval To and its quantity. 


CC 7 
lo 1 t2 
Discharge signal cone Sha Seen nee 


Counter set signal 
Integral current start signal 


t1 =35x 79 
t2 =67x To 
t3 = 31 x To 
t4 =65 x To 
tS Min=47x 7 ~~ (When the input data is 01 — 1) 
tS Max = 302 x Tg (When the input data is 10 — 0) 


The counter set signal is used to set the data input in the latch to the counter but does not output externally. 

The discharge signal is output from DCL and DCR and controlled by LRCK. It is output from DCL when LRCK is 
at a low level and from DCR when LRCK is at a high level. 

The integral current start signal starts the upper current lo and tower current io flowing. The counter starts count- 
ing from the preset value simultaneously when the discharge signal is off, counts 11 offsets after the end of the 
counting and outputs a signal to stop the integration current. The value ts is varied between 0 to 255 by the input 
data value preset to the counter. 

Therefore, the time before the end of the integration after the low level has been set, i.e. the conversion time, requires 
the maximum (tq + ts Max = 367 x 7,) seconds. 

The integration current of IOUTL is output, as with the discharge signal, when LRCK is at a low levet; IOUTR is 
output when LRCK is at a high level. 


POR. 
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(3) The relation between sampling frequency f, and clock 


V/fs 


DCR/DCL 


< 
| ice 
Integration current pty | 
pl ts Min | 
| 


VO Min 


Integrator output 





GND 


Pe en ae Pe 
Deglitching period 





The maximum and minimum values of the integration voltage output, Vo Max and Vo Min, are expressed as follows. 


lo *% lo *_* 

VO Max “Ee T° 267 TE T 266 (t, +ts Max) 
. lo * _% lo x # 

VO Min = ct 12 +e T 11 (ta+ts Min) 


where fc_Lk is aclock frequency and 7 is a period. 


The integration voltage is held by the capacitor C in the integrator when the current is switched off. This voltage is 
used as D/A conversion output during the deglitching period T which is given according to the settling time of the 
deglitching circuit. 

The relation between the conversion frequency fs and the clock frequency FCLK is given as below assuming that the 
conversion time and deglitching period are equivalent: 





he fCLK _ fCLK 
2x (ta +t, Max) 734 


where fs = 44.1 kHz results in 32.4 MHz of fc_Kx 
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It is, however, recommendable to specify fs as the follow for the practical use because a settling time of 0.5 to 1.0 us 
is required for the integrator after the current for ts; disappears: 


foe fCLK 
(tg +ts Max + 1.0(us) + T 


(4) Integration current setting (ISET, IOUTL, IOUTR) 
Integration current is determined by a constant current value input through the ISET pin, which is given as below: 
IOUTL (R) =I9 tig = (4 tay) ISET 


where io and Io are integration currents corresponded to the ILSB and 2®-LSB, respectively. 


If Do and D,5 are specified as MSB and LSB, respectively, integrator output voltage Vo is given by the following 
equation: 


Vo 42 (Do*27 +B, *27 +... +D7*2° + 12)ro 
+ 10 (5,427 + Dyt28 +--+ Dag *2? + 11) 
here ee? NON oe = an : = 28.6 (ns) and C=2000 pF result in the maximum output voltage Vo Max 
z 


of the integrator when any of a value from 10 to 0 is given as an input data. Based on the relations below, 
lo = 4" ISeET 
: 1% 
io = 
0-64 ISET 
VO Max is calculated as the follow: 


2.0x 10° 


en ih ce * * -9 
VO Max = 3000 x 10°72 267° 28.6 x 10 


400*10°/64 xanax ~9 
50010 107 *566"28.6 x 10 
2000 x 102? . 


= 7.67 (V) 
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(5) LRCK OUT operation (LATCH, LRCK, LRCK OUT) 


The LRCK OUT is a drive output of the analog switch IC (equivalent to MC14053B) to clip the output converted by 
CX20152 and the integrator so that the converted output can be a PAM wave. When the PAM wave has a jitter, 
a conversion error results. To absorb this jitter, a D-type latch is built-in and the LATCH input is used as its clock. 
The D-type latch varies the output state in synchronization with the rise of the clock. In the high-speed conversion 
(with sampling frequency of 88.2kHz), the clock frequency is as high as about 7OMHz. This will affect the delay time 
of the analog switch IC; it is possible the delay time becomes equal to t;. Then, the last part of the PAM wave over- 
lasps on the discharge time causing a considerable conversion error. In such a case, LRCK can output its level by 


keeping LATCH at a high level. The output voltage level ranges from -2.7V to +2.7V, enable to drive CMOS analog 
switch. 


Timing of LATCH, LRCK and LRCKOUT 


(6) Clock input/output Pin (COUT, CIN and CIN) 


The clock buffer consists of a circuit equivalent to a general-purpose ECL logic circuit, with its input pin biased 
with an internal bias circuit (= -1.3V). The output amplitude level is 0.8V. 





(7 
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Bias Pin (DVeE, SUB, DGND, Vcc, AVee, AGND and DC BIAS) 


SUB denotes the IC substrate and its voltage potential should be common to that of DVEE . The standard value of 
DVeeE and AVeg is -5.0V. 

Vcc is the power supply for the interface circuit from a CMOS or TTL level to the internal ECL logic. Its standard 
value is +5V. 

DC BIAS is the bias circuit of the discharge signal output circuit. As it requires about 2.5mA as its standard current, 
supply current should be 2.5mA + a. This pin voltage is biased to 2Vf and the value of @ is determined as 
follows. 

To maintain the pin voltage at 2Vf (~ 1.4V), about 0.5 mA of current is required. Additionally, the maximum 


current flowing through the load resistor R_ attached to DCR (Pin 15) and DCL (Pin 23) is obtained from the follow- 
ing equation. 


1/Ru X (VocH + |DVeE |) < 2, where RL = 4.7kohm, VocH = 0.4V and DVeE = —5V 


Hence, a = 0.5 + 1.32 = 1.82 (mA) 
Therefore, the total current will be 4.32mA. 
We recommend 5mA with R, at 4.7 kQ. 


(8) System clock output pin, ON/OFF (SCKL, ON/OFF) 


SCLK is the output pin of the 1/4 frequency divider of the oscillation circuit’s master clock frequency. The 
frequency outputs when the ON/OFF pin is supplied with 5V (Vcc) and stops when the ON/OFF pin is 
supplied with OV or set to open. 

As its output amplitude is 2V and too low to be connected directly to a TTL or CMOS, be sure to amplify before 
connection. 
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Application Circuit for Operating Deglitcher in Sample/Hold Type 


+5V 
10k 


Integrator ee i ae 
73 
()--~., ae 
6.8k L- loop 
Oy “TY 
(9) 
Integrator ons nln soe 


LRCK 
OUT 


= ae 


Application Circuit (Example 1) 


ZG LOZX9O 







SCLK  -5V 
OUT 5V GND 15V ~15V 
OO QO O) () 
X 67.7376MHz 
wn L 470n 
Si C 12p 100p 
sik ] & 

Q 

(=) 

L 

za 

















in LPF O 
veaze 
ao se 
SCLK On/Off | | |_| 9 
LRCK O 4 eS 29 O 
WCLKO = 
BCLKO eee N 


DATAO 


> 


Pica a2ke o 
HD14053 BP 
4.7k 
HS 12345678 
[uss a 
d es 
+ 


ee 


*1 Murata AFL89WB20000C3 
100p *2 Polystylen capacitor 
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Application Circuit (Example 2) 


eGLOZXO 









-5V 
5V GND 15V -15V 
000 O O 
ait 
i in 
=| X 67.7376MHz 
ae Xio}] L 470nH 


ae 
(| | Csg 5 C 12p 
EB 


be we 

K 
OR RAS EA a 120p 
03 


cSGLOCXD 






16151413121110 9 


HD14053BP 
1234567 








8 






Oo GND 


sil 7 LPF OR,CH 







OFFSET 
VR 


7S LOZXO 


2SK152 


In SN74HCO4N SW: ON — X’TALON 
X’TAL OFF— X’TAL OFF 


16.9344 MHz 
51k 
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Timing Chart 


LRCK ss | eae arn an 
WCLK ease tects ee ee oe ee 
BCLK TUM UU UU Ue 

DATA 


L-CH R-CH 


C.C. —™ fo TF 
LRCK OUT ~~ L-CH DE-GLITCH == ccc. 


INTEGRATOR 


R-CH OUT 


DCR | | | | 


INTEGRATOR 


L-CH OUT 


DCL | | 


Timing Chart I! (See Application Circuit Ex. 1) 





WCLK 
(03) 
WCLK 
(04) 
CC 
(O5) 
BCLK 
(01) 


DATA 
(DOUT) 





L-CH/R-CH 
INTEGRATOR 
OUTPUT 


DCL/DCR | | | | 


LRCK OUT L-CH/R-CH DE-GLITCH 


(See Application Circuit Ex. 2) 
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lout (ppm) 


lout (uA) 


Pd (W) 





Maximum allowable power dissipation 
decrement curve 


(¢] 40 80 120 160 
Ta (°C) 


lout temperarure characteristics (lo + io) 


(Both of R, Lch) 














ale sea aN 
Sa eee 


IsetT=500“A 


es 
|| Tovr=foriorsaua/y | | 
ple ee de ede eos 
AeZaee 


Lt 
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Supply voltage (VEE) 
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Maximum clock frequency pemboratute 
characteristics ; 





Ta (°C) 





Distortion factor (dB) 


Iset (A) 


Distortion factor 





Frequency (Hz) 








CX23010/23060 


Dual 10 bit 50 KHz Multiplexed A/D + D/A 





Description Package Outline Unit: mm 

The CX23010/CX23060 are the 10 bit, 50 kHz CMOS 
A/D, D/A Converters for Auido digital signal processing, 
using a coarse-fine integration technique. Both Analog to 
Digital and Digital to Analog Conversions are capable with 19.2 MAX 
selecting the mode. It can be separated into 2 blocks. 
One is a digital block includes 
* Digital block includes 

— A digital limiter 

— Acounter 

— A timing generation circuit 
* Analog block includes 

— A current source 

— An operational amplifier 

— Acomparator 

— Amultiplexer (2-channel) 


28 pin MFP 


Features 

* A Single Power Supply: Vpp 5V 

* Minimum number of external parts required 
(Around one-third compared with our current A/Ds) 

* Two channel audio A/D, D/A processing (L and R 
Channels) 
2's Complementary digital code is employed 

* Low Power consumption (Less than 50 mW) 





Structure 
« Silicon Gate CMOS IC 


wo 

oy 
o 
x 
<x 
= 
bei 
s 
- 


Applications 

* Digital Audio Signal Processing 13 x 254 = 33.02 

* PCM Audio Processing 

* Telecommunications Digitizing 
Computer Interface System 


Absolute Maximum Ratings (T, = 25°C) 





* Supply voltage Vop —0.3 to 7.0 V 
* Analoginput voltage Vin —0.3 toVpp +0.3 V 
° Operating temperature opr —20 to+75 °C 
* Storage temperature Tstg —55 to+150 °C 
* Allowable power 

dissipation Pp 650 mW for CX23010 


Pp —«800 mW for CX23060 


Recommended Operating Conditions 
(1) AVpp. DVpp 4.5 to5.5 V 
(2) AVop — DVppt 0.5 V 
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Block Diagram 
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138340 uy 


Hr NIH/S ¥ 


LNO LdV uy 


idV¥y 


— 88 — 





€X23010/23060 SONY. 


Pin Description 


Digital ground pin. 


Operational amplifier inverted input pin for integrator, and 

INT IN Serres ere 2.44 to 2.57V 
connection pin for constant current switching. 

AREF Operational amplifier non-inverted input pin for integrator and 2.44 to 2.57V 
aperture. Analog reference voltage Va is input. 
Operational amplifier output pin for integrator. Connectin 


a capacitor between this and INT IN (Pin 4) will make an integrator 


Integrating current setting pin during A/D conversion. 5A refer- 
7 ISET A/D Le ease 9P g e 1.2 to 1.3V 
ence current is input. 



















ISET D/A Integrating current setting pin during D/A conversion. 2.8uA 1.1 to 1.2V 
reference current is input. 


RIN 
R APT IN 


L/R channel analog signal input pins. Less than —10dBs is proper 
for the maximum input level. Input impedance is about 3.5K22. 





L/R channel operational amplifier inverted input pins for 
aperture. Input inpedance is about 4.4k Q. 


[eee 
L/R channel operational amplifier output pins for aperture. 
Connecting capacitors with L/R APT IN (pins 11 & 18) will 
make aperture amplifiers. 
L S/H IN f L/R channel sample-hold amp input pins. Input impedance is ig 
about 10 kQ2. Less than —4.6dBs is suitable for the maximum 
Pay 


L APT OUT 


R APT OUT 


wi ak 
~~ NO 





R S/H IN 


input level. 





L/R channel DC offset correction pins during A/D conversion. 
Connecting variable resistors to the external reference power 
supply will correct the DC offset. 


L OFFSET 


R OFFSET 


REFL 





Lower comparator comparison voltage input pin 3.50 to 3.67V 


: ; : : 3.30 to 3.50V 
REF H Higher comparator comparison voltage input pin. (When REF = 2.7V) 
AV Analog power supply voltage pin. Latch-up prevention resistor 
Db 10 Q. is recommended. 


Digital power supply voltage pin 


Master clock input pin. About 11.6 MHz (736f,,) is suitable for 
8 mm video. 

Mode select input pin. Selectable between A/D conversion at 
“L" level and D/A conversion at “‘H” level. 













Bit clock input pin. It is used as a shift clock to transfer data by 
shift register. About 630 kHz (40f,,) is suitable for 8 mm video. 


Word clock input pin. It is used as an L/R channel identification 
signal of data. (R channel at “L” level and L channel at ‘’H”’ 
level). About 31.5 kHz (2f,,) is proper for 8 mm video. It must 
be input in sync with the rise edge of BCK. 
Data input/output pin. When MODE is “L’’, LSB-leading 10-bit 
data is output in sync with the rise edge of BCK. When MODE is 
“H'’. LSB-leading 10-bit data is input in sync with the fall edge 
of BCK. The data coding is in 2's complement. 


27 








—_ = 
ao WwW 


ey ae 
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Electrical Characteristics 
(Ta=25°C AVpp, DVpp = 5.0V) 











| Typ. | Max, | 
[Frequency | Fwck | —Ss—~—~—SSCdSC 
Master [Input Voltage | VMCK [CS 
Clock [Input Threshold_| THMCK | SSCS~C~CSCSCO 
rouy | McK | SS™S™~—SS BT 
Frequency | FMckK | —SSSSCSC~C~SSC*di«C 
et [ett [ef 
Clock 
Finput Threshold | THWCK [| 
rack | 


Clock Input Voltage VBCK 
Input Threshold THBCK 

Mode Input Voltage VMOD 

Select Input Threshold THMODE 


Analog Signal Input 

Sample Hold Input 

Upper Comparator 
Input Reference Input 


Voltage 
! 9 Lower Comparator 


Reference Input 


H 
L 
Analog Reference V 
Voltage A 
Input A/D Integration lA/D FMCK = 11.6 MHz, C = 220P 
Current D/A Integration ID/A FMCK = 11.6 MHz, C= 220PF | 2.3 


2 
a 


te 


Sal 





fo?) 
QW . 


Vi = 3.6V 


V 
V 


re 


Vi = 3.6V 


w 
o 
=) 







NO Ww 
: : ~ 
<itit < < es < oa 


w 
op) 
=) 






A/D Integration V; il wei IN = —4.6 dBs 
Output D/A ateoration Vv FMCK = 11.6 MHz, C = 220PF Vy 
Voltage : OdB. P-p 





D/A Aperture FMCK = 11.6 MHz, C = 220PF 
R APT OUT | 0dB 


A/D Gain Gy aso 
Gain : 
D/A Gain Gy D/A 
Coarse/Fine Current ratio lo/io 


Conver- TCV ajo | FWCK = 31.5 kHz 
sion time TCV D/A FWCK = 31.5 kHz 
D/A* 


* Operating input FWCK OdB 
Frequency A/D RESP A/D frequency 2 ‘at 1kHz 
Response Operating input FWCK dB 
RESP D/A frequency 2 ‘at 1kHz 
Supply Current Ip (total) 


*Note) Assuming the frequency response is O dB when Analog Input Freq. = 1 kHz 


~ 
io) 


i 
hid 


| A/D = 3.0 vA 
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D/A conversion mode/Operational amplifier/ 


Constant Current Ratio Test Circuit 
Amplification Gain Test Circuit 


Generator 














R APT OUT 


L S/H IN 
a3) R S/H in@) 


L OFFSET 
R OFFSET 


AC Level 
Meter 












Wcek———I_1.38s..~—CS<CSCSCSC<C z2TNCT nits 

ce 7 LIL LE ever low 

Cc Current out 

’ i} ean ever low 15.9us 

AC ee ever low 1.38us——~] - 

REF H ___ EO )O ao Coarse Measurement WCK —J i. 

RE? bl nnn ee Fine Measurement BCK 
DATA 


(Full Scale Sine Wave Data) 








A/D conversion mode/Operational amplifier/ 
Amplification Gain Test Circuit 





ever high 
wok———J. 41.38us 
he a ever low 


ever high 





c.C. f+-——Rch Sample Switch on 


WCK 
a 5 ese ae ee ee a ever low 
BC Kise Ll Ga ee ever low 


ever high 





oe: }o>———Lch Sample Switch on 
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V 6EE dH 


1213 


UO!IONSIG 








(2@POW V/d) 
090EZX9/O0LOEZXD 


75 390 






39k 


22kB 
TL431. 


If x 
If 


THe Ci 
i. wl aL EH) 






(@POW a/v) 
090€Z/0LOEZX9 









CHACON CEH GS 


al SM 





SOISIAJOEILYS (ADBANDOE UOISIBAUODS)ASIOU PUe 10392) | 


UOIPOZSIP SNUOWIEY jl}0} JO} BIND say 


7” 


NIT 


ASW 
> er: 
OM 


NI¥ 


23 99) x2 


Timing Chart of A/D Conversion Mode 








INT OUT 
S/H IN 


BOOS Data Output 3OCEB005 Reh Data ae aD 


When Mode Select of the CX23010/CX23060 is set to ’L’”’, A/D conversion mode is selected. When BCK (46fH, 
723.776kHz for NTSC) and WCK (2fH, 31.46853kHz for NTSC) are input from CX23012(AD/DA interface LSI) in this 
mode, C.C (Convert Command) is generated internally in CX23010/CX23060. While this C.C is at ““H’”’ level, the analog 
signal input is sampled; the A/D conversion is executed during ‘““L’’ level. The sampling and conversion operations are 
performed in time division for each of the R and L channel analog signals. The converted final data is output serially 
with the LSB data leading in sync with the rise edge of BCK when the C.C becomes “H” level again. 


090€2/OLOEZ XD 
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Timing Chart of D/A Conversion Mode 


1.38ys 
i ! 
k—>| 
BCK 
WCK 
15.9us + 
MODE 


1.38us 
8. _— 


Rch Discharge 


INT OUT 
Rech sapaines she Rch Sample 
| 


on 


Lch Conversion Lch Sample 
Lch Discharge 
| 


5.52us——+| | 


APT R 


APT L 


When Mode Select of the CX23010/CX23060 is set to ‘‘H’’, D/A conversion mode is selected. When BCK (46fH, 
723.776kHz for NTSC) and WCK (2fH, 31.4685kHz for NTSC) are input from CX23012 (AD/DA interface LSI) in this 
mode, DIS (Discharge clock) and APT R/L (Aperture clock) are generated internally in the CX23010/CX23060. At the 
same time, the serial data input with the LSB leading is stored in syne with the fall edge of BCK. After DIS has dis- 
charged at ‘’H” level the integrating charge resulting from the previous D/A conversion, D/A conversion starts when DIS 
goes to “‘L” level. The discharge and conversion operations are performed in time division for each of the R and L 
channel data inputs. The final integrated output after conversion is sampled while APT R/L is at “H” and held at “’L” level. 
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Description of Function 


The CX23010/CX23060 are one-chip 10 bit A/D, D/A 
converter provided with every function required in A/D 
and D/A conversion. When combined with CX23011 
(for modulation, demodulation and error correction), 
CX23012 (for 8-10 bits compression and expansion) 
and CX20099 (analog noise reduction), they are used in 
the PCM processor for 8 mm video. 


1 A/D Conversion 


e Selection of operational mode 
A/D conversion mode is selected by setting the mode 
select input (MODE) to “L”’. 


e Analog block operation and gain 

The input signal applied to the analog signal input pins 
(Lin, Rix) is amplified about 12.5 dB by the aperture 
amp and output to the aperture output pins (L APT OUT, 
R APT OUT). After component out of band area is 
removed from the output signal by the external attenua- 
tion filter, it is added to the sample-hold input pins (L 
_S/H_ IN, R S/H IN) and output to the integrating output 
pin (INT OUT) after amplification of about 4dB by the 
sample-hold amplifier. 

This gain is obtained assuming that the external filter’s 
insertion loss is —7.3dB. Therefore, the overall gain will 
be 9.2dB when the A/D conversion filter is included. 
When the external filter’s insertion loss is different from 
the above value or its insertion position is different, the 
aperture amp gain may be too high. In such case, it is 
effective to divide the aperture output as follows: 


Aperture onan shia ae To the external filter 


SONY. 


e Digital block operation and clock frequency 

The Convert Command (C.C.) is generated internally by 
inputting the wordclock (WCK) and bit clock (BCK). 
While C.C. is at “H’, the analog signal added to the 
sample-hold amp is sampled and while C.C. is at ‘‘L’’, the 
constant current weighted with inverse polarity against 
the input signal is integrated for conversion. The 10 bit 
data is performed by calculating the integrating time of 
the coarse constant current and fine constant current 
separately using a counter. The data is loaded in the shift 
register when C.C. becomes ‘’H”’ again and is output serial- 
ly with LSB leading in sync with the rise edge of BCK. 
The data is coded in 2’s complement. 

The master clock frequency (FMCK) required in excuting 
a full-scale A/D conversion in the CX23010/CX23060 is 
obtained from the following equation. 


{ (TWCK/2) — 2.5TBCK |-1 
FMCK2 | $y. *+4J 


69 


TWCK =word clock frequency. 
TBCK =bit clock frequency. 


When combining with CX23012, a master clock of more 
than about 6 MHz is required, as TWCK is 31.7us and 


~TBCK is 1.38us. With the CX23010/CX23060, a master 


clock of about 11.6MHz will be suitable as the margin 
is about double. 


As the conversion operation is required to be in sync with . 
the master clock in the CX23010/CX23060, the master 
clock, word clock and bit clock must be synchronous 
each other. They don’t have to be in phase, however. 


input or sample-hold input 


When the divided output is supplied directly to the sample- 
hold input pin, a division resistance value of 3.3 kQ2 is 
suitable for use. 
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e Integrating current 

The integrating current value Ia/p required to perform a 
full-scale A/D conversion in the CX23010/CX23060 is 
obtained by the following equation. 


; y C:V, 
A/D 102375 
where C = Integral capacity, 
V; = Integral output voltage and 
TO = Master clock cycle 


Supposing C=220,F, Vi=2Vp,» and ro=86ns (FMCK= 
11.6MHz), a desirable integrating current value is about 
5uA. The integrating current setting is done by applying 
an external constant current to the integrating current 
setting pin (ISET A/D) during A/D conversion. 

When a constant current is applied through a setting 
resistor Ra/jp from an external reference voltage, this 
resistor value is calculated from the following equation. 


R _ Vrer — 1.25V 
A/D 5uA 


Supposing Vrer=3.6V, a setting resistor value will be 
470 KQ. Using a resistor with tolerance of 1%, variation 
of the playback output level will be less than +1.0dB. 
A bypass capacitor of more than 1uF should be used for 
the integrating current setting pin to avoid stray noise to 
the pin. 


e Comparison voltage 
Switching between the upper conversion and lower con- 
version is performed by the integrating output surpassing 
the comparison voltages, Vij and V;, :, in the next stage 
comparator. The two comparison voltages have following 
relationship. 
SIVAGO TS. oe pity. 1S ae 1° 

C C 
As the lower comparison voltage V;_ needs a small ripple 
particularly, it is suggested to use a reference voltage made 
by th external reference power supply. Set the reference 
voltage at 3.50 V to 3.67 V (3.60V typ.). The upper 
comparison voltage Vy is made from resistance division 
as the following diagram in this reference voltage. 


VpDo 
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e Analog reference voltage 

As the CX23010/CX23060 are operated with a single 5V 
power supply, non-inverted input of the internal opera- 
tional amp must be biased to around half of the power 
supply. The analog reference voltage Va gives this bias 
and it can be divided from the comparator’s lower com- 
parison voltage V;. The ripple filter capacitor to suppress 
time variation of Va is suggested to have about 220uF. 


e Offset adjustment 

As 8mm video uses a non-linear quantization by 10 bit, 
8 bit compression/expansion, compatibility is affected 
when a DC offset component is included in the A/D 
converter data output. To correct this DC offset, the 
integrating output’s center voltage must be shifted by 
applying an offset current from the offset input pins (L 
OFFSET, R OFFSET). As it is desirable to keep the 
offset voltage constant regardless of the power supply 
voltage changes, the offset voltage should be applied via 
an offset resistor from the external reference voltage 
(3.50V to 3.67V) in this case in adjusting the DC offset, 
set the offset resistor value so that the data output will 
be ’“’*Q000000000” when the center voltage is added to the 
sample-hold input. The lowest bits (LSB—2SB) of the 
data output are sometimes not determined due to an 
analog drift or stray noise, but in practice this is not 
matter. 


OV_ 3.50 to 3.67V 


Resistance tolerance of 5% is recommended. 
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2. D/A Conversion Operation 

e Selection of operation mode 

By setting the mode select input (MODE) to ‘‘H’’, the 
D/A conversion mode is selected. 


e Digital block operation and clock frequency 
Discharge clock (DIS) and aperture clock are generated 
internally, by inputting word clock (WCK) and bit clock 
(BVCK). The serial data input with LSB leading is stored 
in the shift register in sync with the falling edge of bit 
clock and set in the counter just before the rise and falling 
of word clock. When the discharge clock becomes “L’’, 
the counter starts counting, beginning from the value set 
in it and at the same time a constant current weighted 
corresponding to data is output. When the counter 
outputs the carry signal, the counting and constant 
current output stop. The master clock frequency required 
to perform a fullscale D/A conversion in CX23010/ 
CX23060 obtained from the following equation. 
. —1 

FMCK 2 S-Tack | 
When combined with CX23012, a master clock of more 
than about 4.5 MHz is required since TBCK=1.38ys. 


e Analog block operation and gain 

The integrating charge resulting from the previous conver- 
sion will be discharged while the discharge clock is ““H”, 
the integrating output potential is initialized to the analog 
reference voltage (V,). When the discharge clock goes to 
“L’’, D/A conversion operation is executed by integrating 
the constant current output. Which the constant current 
output stops, integrating also stops and the pin voltage of 
the integrated capacitor at this moment is the D/A con- 
verted value. The integrated output held in the capacitor 
is output, after being gained by about 3.3 dB from the 
aperture amp, to the aperture output pins (L APT OUT, R 
APT OUT). Output signal's out-of-band components are 
removed by an external interpolation filter. The aperture 
amp gain is set supposing the external filter’s insertion loss 
at —7.3 dB. The gain is not varied externally unlike A/D 
conversion mode. 


SONY: 


e Integrating current 
With the CX23010/CX23060, relationship between the 
integrating output V; and integrating current Ip/a_ is 
determined from the following equation. 
Dia = seen 
1023T0 


Supposing C=220,F, Vj=1.1Vpp» and 70=86ns, a proper 
integrating current will be about 2.8uA. If the external 
filter loss is supposed to be —7.3dB, —10dBs will be 
obtained as the filter output level Setting of the integrat- 
ing current is executed by applying a constant current 
externally to the integrating current setting pin (ISET 
D/A) during D/A conversion. When constant current is 
applied through a setting resistor Rpa from the external 
reference voltage, the resistor value is determined from 
the following equation. 


R — Vrer —1.15V 
vd 2.8uA 


Supposing VreF=3.6V, the setting resistor will be 880KQ 
Using a resistor of 1% tolerance, the playback output 
level variation will be held within +1.5dB. Applying a 
bypass capacitor of more than 1 pF to the integrating 
current setting pin is recommended to avoid a stray noise 
to it. 


O07 = 





| 


CX23010/23060 


Typical Application Circuit 


ioe oe a 






LING) 


3.3k 
~ 


39k 22k(B) 
2.7k 


CX23010/CX23060 
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39k 39k 
22k(B) 
2.7k 
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() Data 
C) WCK 
C) BCK 
() Mode 


() MCK 


O) RIN 


C) ROUT 


CX23010/23060 


Selection of Parts to be Used 


(1) 


(2) 


(3) 


(4) 


For an integrating capacitor between Pin 4 and Pin 6, 
use a type with little dielectric absorption. (e.g. 
styrene, etc.) 

Adjust the semi-fixed resistor 1KB so that the refer- 
ence voltage generated from the reference voltage IC 
(TI's TL430 or TL431) is 3.6V. 

Accuracy tolerance of the three divided resistors, 
75Q,, 390Q. and 1KQ, supplying voltage to Pins 5,20 
and 21 is 5%. Voltages of each pin are 2.5V for Pin 
5, 3.6V for Pin 20 and 3.4V for Pin 21 approximately. 
We recommend 1% accuracy tolerance of 470KQ for 
the integrating current setting resistor to be con- 
nected to Pin 7, which will give a recording level 
during A/D conversion. 


’ 


__SONY. 


Adjustment Methods 


(1) 


(2) 


(3) 
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In adjustment of the play back level during D/A 
conversion, use the 1 Mega-Q B semi-fixed resistor 
connected to Pin 8. Input to Pin 28 a full-scale level 
digital sine wave data (1 kHz) and adjust the semi- 
fixed resistor so the playback level of L OUT and R 
OUT becomes —10dBs (0.245Vrms). The maximum 
level deviation between L OUT and R OUT channels 
is +0.3dB. 

Adjustment of the recording level during A/D conver- 
sion is not shown in separate illustration but the play- 
back level of the reference playback DAC (a separate 
DAC must be prepared adjusted to have —10dBs 
playback output level when full-scale data is input as 
in (1) above) must have —10dBs when the analog 
input level fed to Pins 10 and 19 is set at —10dBs 
(0.245Vrms). In practice, however, it is effective to 
vary the analog input level of Pins 10 and 19 properly 
or provide a Jevel adjustment amp for Pins 13 and 16, 
since the level ratio of 1 to 1 between an analog 
input and digital output is unobtainable due to varia- 
tion in the ADC conversion gain. 

In the offset adjustment during A/D conversion, use 
the 22KB semi-fixed resistor out of the three divided 
resistors 39K, 22KB and 10K from the reference 
voltage 3.6V. In practice, adjust the 22KB so the 
data output of Pin 28 becomes “0000000000” when 
the analog inputs of L IN and R IN are shorted. At 
this time the lowest two or three bits may be affected 
due to stray noise but they pose practically no 
problem. 





©X23010/23060 SONY, 


Application 


e Mode switching in after recording 

With the CX23010/CX23060, a bypass capacitor of more 
than 1 uF is recommended to prevent degradation of S/N 
ratio due to stray noise from the integrating current 
setting pin. It takes 0.3—0.4 sec (when a 1uF bypass 
capacitor is used) before the integrating current becomes 
stable and the data during this period becomes insecure, ISETA/D  ISETD/A 
generating a click noise in playback. To minimize the 
table period, it is most effective to precharge the bypass about 1.2V 
Capacitor in the following circuit. 





External reference 
voltage (about 3.6V) 


Note) Select Sa for A/D conversion. 
e Frequency characteristics Select Sg for D/A conversion. 
The CX23010/CX23060 frequency characteristics during 
A/D conversion is determined by. an input attenuation 
filter. Meanwhile the frequency characteristics during 
D/A conversion is determined by an aperture effect and 
output interpolation filter. With the CX23010/CX23060, 
degradation of high area frequency characteristics due to 
the aperture effect is unavoidable. This is because a 
sample-hold aperture circuit is used to obtain —10dBs as 
the interpolation filter output level during full-scale D/A 
conversion. To compensate the degradated characteris- 
tics, add a compensation filter, shown below, after the 
interpolation filter passed. 


Compensation filter Compensation filter 
Input e; Output e9 


@o 1 


Note) ——§ Oo 
ej JV 1—2(1-—2a7)x? +x? 


where x=W/w,. L/R= 2a/w. LC=(1/we)? 


when f, = 25kHz, L=2.2 mH, C=0.015uF and R=1kQ 


With this compensation filter, the total recording/play- 
back frequency characteristics is determined only by an 
external filter. With the CX23010/CX23060, note the 
pass band ripple is magnified. double, whereas double 
attenuation is obtained for the stop and suppress bands 
since the input attenuation filter and the output inter- 
polation filter are used in common. 
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Response (dB) 
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Total harmonic distortion factor + Noise vs. Output level 
(D/A conversion mode) 


Total harmonic distortion 
factor + Noise (%) 


(D/A conversion mode) 





0.01 0.1 | 
Full scale 
Output level (dB) (—10dBs) 
c 
xe) Logical value 
~ 
E (—18qdB) 
oo 
OX 
2 
Es 
B+ 
Compensation characteristics of aperture effect ox) 2 Logical value 
cs (odB) 





9 Inverted response 









Input frequency (Hz) 


2nd LCR characteristics 
(fe = 25kHz a=0.2) 


Compensation characteristics 






e 
J 
e 
e 

e 

» 

s by 1 

_—" — ae war 


perture effect 


Frequency (Hz) 
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Total harmonic distortion factor + Noise vs. In frequency 
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Total harmonic distortion factor + Noise vs. Output level 
(A/D conversion mode) 


Se See | 
en N CX23010/60(A/D) + 10 =8 
‘ + CX23010/60(D/A) 
\ ‘ 
\ 
e \ 
\ \ \ | 
a N \ Frequency 1 kHz 
~ Nai 
rk x 


7 bit linear 
10 = 8 non-linear 
8 bit linear 
I bit linear 


mali mai _ 


ai scale (—10dB) 





Total harmonic factor + Noise (%) 


Output level (dB) 


Total harmonic distortion factor + Noise vs. Input frequency 


(A/D conversion mode) 
CX23010/60(A/D) 
+ 


108 
+ 
CX23010/60(D/A) 


Logical value 


(—18dB) r 
Logical value mail| 
: Hii 


10k 


Total harmonic distortion factor + Noise (%) 


Input frequency (Hz) 





— 102 — 








2) A/D, D/A Converters — Video — 













Type 


CX20051A 10bit 30MHz D/A Converter 


CX20052A 8bit 20MHz Sub-ranging A/D Converter 6 | 
CX20116/U 8bit 100MHz Flash A/D Converter | 


CXA1066K/U | | . 
CX20201A-1/-2/-3 . 
CX20202A-1/-2/-3 10/ 9/ 8bit 160 MHz D/A Converter 


XAISSE/K/UR 


(P) : Preliminary 









A 
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CX20051A 





10 bit 30 MHz D/A Converter 


Description Package Outline Unit: mm 
CX20051A is 10 bit, 30 MHz D/A Converter, 
designed for a video signal processing. The broadcasting 28 pin DIP 


application will require the fairly high resolution for 
D/A. CX20051A is suitable for the high definition TV 
application, too. 

The external resistor can control the voltage output ee Se 

range of the D/A. The CX20051A requires —5V S/ too: 
single power supply, the ECL digital inputs, and the 
differencial ECL clocks, to operate. 


Features 

e Maximum conversion frequency 30 MHz 

e High resolution 10 bit 

e Low power consumption 550 mW 

e —5V single power supply 

e Clock input and digital input are in ECL level 


DIP-28P-02 





Structure 
Bipolar Silicon Monolithic IC. 


Absolute Maximum Ratings (Ta=25°C) 





e Supply voltage VEE =—12 V 
e Digital input voltage VIN Vee to O V 
e Operating temperature Topr —10 to +70 °C 
e Storage temperature Tstg —50 to +150 °C 
e Allowable power dissipation 1.47 W 


Recommended Operating Conditions 


e Supply voltage Vee —5.0 + 0.25 V 
¢ Digital input voltage ViH —0.89 + 0.15 V 

Vi =-—-1.75 + 0.15 V 
e Dynamic range Vo —1.5 to —0.5 V 
e Bias current IseT 1.0 + 0.5 mA 
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Block Diagram and Pin Connection 


Bias current (externally connected) 


DGND DVEE NC NC AVegE I!seEtT/ AGND AGND VOUT NC NC’ CLK CLK DVEE 


Clock buffer 













iad 8S SS 
circuit 


cor 
OnO Oi OO sO ag Coa O was Og Og OO a 
(LSB) 


AVegE NC AVeEE D1 D2 D3 D4 D10 DGND 
(MSB) 











DIGITAL INPUT 
Fig. 1 


| 
| 
| Pin Description 


[symbor] Description | __Eauivalent ereut 
a ves [Analog Vee power supp (Sy 
[2 [ne [Nomeonnection «| SSS 
[2 [A vee [Analog Ver power supply (CB) SSS 
= 


















10-bit digital input 
bike Uppermost ns 
LSB: Lower most order 
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CLK Clock bar input 


_ 
NC 


Non-connection 


2 
O 


c 


OUT 


No 
eo) 


D/A output 











NO 
—_ 


NO _ 
©) Ww 


A GND | Analog GND 
Directly connected to the output 


resistance circuit network (Rout) 


Analog GND 
For analog circuit system other than 
the output resistance circuit network 











A GND 





NO 
NO 







ISET Dynamic range adjusting pin 





24 


A Vee | Analog Vee power supply (—5V) 


NC 
Non-connection 
NC 


D VEE Digital Vee power supply (—5V) 
D GND | Digital GND 


NO 


NO 
ol 


27 
28 
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CX20051A SON Yo 





Electrical Characteristics 


(Ta=25°C AGND=DGND=OV, AVee=DVee=—5V) 


as Pt Tats Tn Pts Pi | ii 
YO 
nek SI 5k EE dk 
clock frequency 


Input current Measured in the high level input 
ii | [restate nai peers | 
Measured in the low level 4 


voltage of the individual pins 4 to 13 
Note) As for the test circuit, see Fig. 2a to 2d. 
*1 Input signal is digital ramp with 1 MHz clock. 
Glitches are not the subject of the measurement. 
*2 The maximum operating clock frequency which shows no bit error. Input signal is digital ramp. 
Glitches are not the subject of the measurement. 
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Electrical Characteristics Test Circuit 











- 








10 bit 
ECL 
COUNTER 


CX20051A - 


COCBONO aA WN 


OSCILLO- 
SCOPE 






OUTPUT 







ECL 
SIGNAL 
GENERATOR 


Fig. 2a Block diagram of differential linearity and maximum operating 
frequency test circuit 








Cx20051A 22 


ORNAuU PWN — 


Fig. 2b Block diagram of output impedance test circuit 


-5V 


N 
@ 






DC 
POWER 
SUPPLY 
(H or L) 












2 
CX20051A a1 


puNnroOMnaaes un 


Fig. 2c Block diagram of input current test circuit 
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_ 












VECTOR 


for NTSC, 
SCOPE 





| fe 
OUT 3 
REE Ky 
10 bit digital [778 
alia -———T 7 ex2o0s1a 22 NTSC 
generator pares M4 
ea 
ee 
fe Soe ek | 


SIGNAL 
GENERATOR 







Fig. 2d Block diagram of DG and DP test circuit 






ot 





10 bit 
ECL 
COUNTER 








CX20051A 






OSCILLO- 
SCOPE 


OCOOBNM UA WN 











OUTPUT 






ECL 
SIGNAL 
GENERATOR 







Fig. 2e Block diagram of dynamic range test circuit 
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-5V 
O 


O-5V 


Riset= 2.7K or 0 -5V tmA 


CX20051A o————)}-5 
ie 23pin 
Digital input signal | IseT 


(ECL level) 


O L.P.F O 
OUTPUT 


~/'\_ Clock 


on (ECL level) 
O-5V 





Fig. 3 Typical circuit connection 


When changing the dynamic range of the output, change the value of R or the constant current supply 
value when a constant current supply is inserted in place of R. Both input and clock are in ECL level. 
Regarding the clock waveform, see the Note on Application. 


OUTPUT 


a ra 4 ~5V GND —-5V —5V ©) 






: 





ECL 
DIGITAL 
IN 
f=14.3 MHz 











CX20051A 














13 LSBs CLK 16 
14 DGND OV¢e 15 


1k +5V 


4.7k 


-—5V 


IC;1,IC2 : HD10116 

ICa-ICs : HD10136 

Us: HA2520 

Uz: HA5033 

R*: LPF adjusting resistance 


Analog 4 AVeE | 
Digital | DVeeE | 
AGND 4 +412V 
OGND | —12Vv 


Vee = —5V 


+O > 


Fig. 4 Application circuit 
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Note on Application 


(1) Applying clocks | 
(a) To pins 16 and 17, clock signals denoted as CLOCK and CLOCK are to be fed respectively. Both of 
their levels are ECL compatible levels. 


cLOGK  —-——-7 r--- 


\ 





fae 






CLOCK 


Fig. 5a CLOCK and CLOCK waveforms 


(b) Alternatively single-end method is usable to apply clock signal to the device. A clock signal of ECL 
level is to be fed to one of pin 16 or pin 17, with the other pin fixed to the ECL threshold level. 






DC 
iS eases aaa fle Re ciara sca aca Pass es re re ee ae eee eee re ——— — + <+— The voltage to be fed to pin 16 


+— The voltage to be fed to pin 17 


CLOCK 


Fig. 5b Single-end method 
(2) Timing chart 
The timing between the CLOCK signal and 10 bit Digital Data Input signal is shown in the diagram below. 


(Recommended operating condition) 

TH > 2 ns 

tT > 10ns 

TPWO = tPW > 20 ns 
The typical values of TDS and TSET under the 
above-mentioned condition are 

tDS 7 ns 


~ 
DIGITAL TSET © 4ns 
DATA I for Zi (load resistance) > 10 kQ 
INPUT 
(each bit) 
| 


CLOCK 








Tpw 0 Tpw 1 


Fig. 5c Timing chart 


(3 


~— 


Dynamic range (ISeT pin, pin 23) : 

Dynamic range can be determined by connecting an external resistor (Riset) between the IseT pin (pin 
23) and the A GND pin (pin 22), or by applying a current source (Iset) to the Iset pin (pin 23). Typical 
values to obtain 1V of dynamic range are 2.7 k{} and 1 mA, for Riset and IseT respectively (for a load 
resistance ZL > 10 kQ). (See the Dynamic range vs. Riset on page 11.) 
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(4) Input coding 


STEPS DIGITAL INPUT 


MSBq 111111111188 






ANALOG OUTPUT 
CASE @ CASE @® 














—0.4825V 
—0.4835V 
—0.4844V 


1000000000 
0111111111 
0111111110 


0000000000 


CASE @: Riset=2.7 kN 
(Output voltage is typical value.) 
CASE @: Riser is adjusted to obtain 1.000V full scale of analog output voltage. 


(5) Temperature fluctuation compensation method of D/A output voltage dynamic range 
When the temperature fluctuation of the outout voltage dynamic range poses a problem, a simple 
temperature compensation can be performed by adding a simple circuit externally. 
Connecting diagram of the external circuit for temperature compensation is shown below. In this way, 
the temperature fluctuation may be limited to within +150 ppm/°C. 










Interior of CX20051A 


D, 181555 
Qi : 2SA530 
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(6) When the analog output level is at full scale 1 Vp-p, the 1LSB becomes approximately 1 mV. 
In order to obtain the predesignated characteristics, due care should be exercised in the designing of 
the CX20051A periphery circuit. 


[Note on mounting onto the printed board] 

The external connection diagram of CX20051A is basically as shown in Fig. 3. In this regard, take note 

to the points mentioned below. 

(1) AGND and DGND as also AVee and DVee are not connected internally. It is also desired to separate 
the analog block and digital block externally. 

(2) Take as much space as possible of the ground surface on the printed board to reduce parasitic 
inductance and resistance. 

(3) Insert a 47 uF tantalum capacitor and a 1000 pF ceramic capacitor in parallel between the Vee 
surface and the ground surface most adjacent to it on the printed board and reduce the noise. In 
addition, it is also desired to insert a capacitor between the Vee surface and the GND surface near 
the IC. (See Fig. below) 


GND and VEE pattern arrangement 





fii4= 





CX20051A 





SON Yo 
Maximum operating clock frequency Maximum operating clock frequency 
vs. Supply voltage vs. Ambient temperature 





fyaax — Maximum operating clock frequency (MHz) 





-40 -20 Oo 20 40 60 80 100 120 


fax — Maximum operating clock frequency (MHz) 


Ta — Ambient temperature (°C) Veg — Supply voltage (V) 


Dynamic range vs. Ambient temperature Dynamic range vs. Supply voltage 





Dynamic range (V) 


Dynamic range (V) 





-40 -20 ie) 20 40 60 80 100 120 





Ta — Ambient temperature (°C) 


Veg — Supply voltage (V) 


Dynamic range vs. Riset Dynamic range vs. Load resistance 












te HE Et tt 
or Reema OO a a OP mBniill 
EE 
=e tit-Vee =—s.0v ttt tt ttt 
(ae Eh Ty 
as NS a A | OT 
a a EL AE 
ot TE LT OE 
a A 
. ea 
BG ill ee Ee el ea 
BBR eee cai AT aa al 
a 0 a gO 
Sa OB 1001 0 a 
OES FR 0 OO ORR a 2 
SE tile| 201 Soa a at 
5 | a 0 ee 
EA ee | ee 
Fa a RH a 
Ge 0119 | a a 2 a ae 


100 1K 10K 100K 





Dynamic range (V) 
Dynamic range (V) 





2 
cS 


°o 
N 








° 


Riset (k&) 


Load resistance (Q) 
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SONY. ~ €X20052A 


8 bit 20MHz Sub-ranging A/D Converter 


Description Package Outline Unit : mm 

CX2005 2A is a serial-parallel type high speed A/D 
convertei with a resolution of 8 bit for processing 
video signals driven by a single —5.0V power source. 

It performs an A/D conversion of video signals 
with an external sample & holding circuit. A 
reference voltage and a clock should be added 
external to it. 

The digital output is provided in 8 bit parallel with 
an open emitter. Both the clock and the digital 
output are in ECL level. 


28 pin DIP 


Features 

e Maximum sampling frequency of 20 MHz (Min.) 
e Low power consumption 700 mW (Typ.) 

e Non-linearity error 1/2 LSB 

e —5.0V single power supply 

e Both clock input and digital output are in ECL level DIP-26P=02 





Structure 
Bipolar Silicon Monolithic IC. 


Absolute Maximum Ratings (Ta=25°C) 


e Supply voltage VEE —-9.0 V 
e Clock voltage VcLk Vee to +0.3 V 
e Input signal voltage VIN Vee to +0.3 V 
e Reference voltage VREF Vee to +0.3 V 
e Digital output current OH 10 mA 
e Operating temperature Topr —10 to +70 “C 
e Storage temperature Tstg —50 to +150 °C 
e« Allowable power dissipation Pp 1.47 WwW 
Recommended Operating Conditions 
e Supply voltage VEE —§.25 to —4.75 V 
e Clock voltage ViH —1.04 to —0.74 V 
Vit —1.9 to —1.6 V 
e Input signal voltage VIN —2.0 to O V 
e Reference voltage VREF —2.1 to —1.9 V 
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Block Diagram 


VREF VREF VREF VREF VREF 


BOT. ADJ.3 ADJ.2 ADy.1 Top, AVEE AGND Vin AGND AVee N.C. N.C. N.C. DEND 


Matrix circuit se Upper-level comparator 
(15 pieces) Reference 
Lower-level voltage 
CLK comparator 
CLK (15 pieces) 


Clock buffer || Lower-level encoder Upper-level encoder 


Clock 
buffer 


Lower-level Upper level 
output buffer output buffer 





H-COMP CLK IN CLK IN DGND D8 D7 D6 D5 D4 D3 D2 D1 DGND DVEE 
BIAS (LSB) (MSB) 
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CX20052A 


Pin Configuration (Top View) 


* (H. COMP. BIAS) 
CLK IN 
CLK IN 

DGND 
(LSB) D8 
D7 

D6 

D5 

D4 

D3 

D2 
(MSB) D1 
DGND 


DVEE 





SON Yo 


VREF BOTTOM 
VREF ADJ3 
VREF ADJ2 
VREF ADJ1 
VREF TOP 
AVEE 
AGND 

VIN 

AGND 
AVEE 

NC 

NC 

NC 

DGND 


* Pjin-1 to be used open. 









RO 








Pin Description 
H-COMP BIAS Pin connected to internal 
comparator. It should not 
be connected to outer 
circuit. 
CLK IN CLOCK input pin. 
CLK IN CLOCK input pin. 
DGND Ground pin of digital circuit. 
| -p8_~——«|.s Digital output pin. (LSB) 


Digital output pin. 







—_— | 
| Oe ies ~ 


Digital output pin. (MSB) 
DGND Ground pin of digital circuit. 


DVEE Power supply pin of digital 
circuit. (—5.0V) 





—_ 
~“ 


NOT N NO No 
oa}; NO Oo 


NO No 
fee) Oo 








Symbol 
DGND 


i | 


AGND 


AGND 
AVEE 


Description 


Ground pin of digital circuit. 


Non-connection. 


Power supply pin of analog 
circuit. (—5.0V) 


Ground pin of analog circuit 





Analog input signal pin 
(0 to —2V) 


Ground pin of analog circuit 


21 


23 Power supply pin of analog 


circuit. (—5.0V) 


VREF (7) Reference voltage pin. (OV) 
VREF ADJ1 Reference voltage adjusting 
VREF ADJ2 pin. 
| (Usually it should be con- 
27 VREF ADJ3 


nected to GND through 
0.047 uF capacitor.) 


VREF (8) Reference voltage pin. 
(—2.0V) 
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racteristics A 
Electrical Cha (Ta=25 C, AGND, DGND=OV, AVee, DVee=—5V) 


ca ee Symbol] Condition | Min. | Typ. | Max. | Unit 
Linearity error VIN: f=1 kHz, O to —2V ramp. +1/2 LSB 
CLK: 20 MHz ECL level 
Vin: NTSC 40 IRE mod. ramp 0.7 % 
CLK: 20 MHz ECL level 
3 | Differential phase Vin: NTSC 40 IRE mod. ramp 0.3 
CLK: 20 MHz ECL level 
4 | Max. actuating clock fcLk Vin: f=1 kHz,O to -2V ramp.| 20 30 MHz 
frequency (MAX) Linearity error (1/2 LSB Max. 
Output pin Ri=4.3 kQ 
Including current flowing to} 110 mA 
Re 
Clock input pin current VctkK=—0.885V 20.0 | 34.5 LA 
VeiK=—1.75V 
7 | Analog input pin current ViIN=OV VcLkK=—0.885V 
Vak=—1.75V 
Digital output voltage-High | Von Vin=OV RL=4.3 kD —0.75 V 
Output data is “11111111” 















2 | Differential gain 











Power consumption 





Digital output voltage-Low | Vor VIN=—2.0V RLi=4.3 kQ 
Output data is “OOOOOO00” 
Reference resistor RREF VreF T=OV 
VREF B—=—2.0V 


[11] ut capacitance | &w | varoaveoorvme [| 7 


Note) To measure linearity error, differential gain, differential phase, max. frequency, the digital outputs of 
CX20052A are reconverted into an analog signal with a 10 bit D/A converter CX20051. 









= 


: _ | oxzo82n - (CX20051) en “9 


a) Linearity error Test system 


inne DIA 
siona L.P.F. 
aerator CX20052A (CX20051 ) to Vectorscope 


b) DG. DP Test system 


Sa to oscilloscope 
generator 

f =1 kHz 
V=0to —2V 
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CX20052A 


Electrical Characteristics Test Circuit 


CLK 
ECL LEVEL poe 
cL 


DIGITAL OUTPUTS 





— 120 —- 


SON Yo 
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Notes on Application 

1. CX20052A, a serial-parallel type A/D converter, requires an external sample & holding circuit, and 
precautions should be taken for the sampling pulse and the timing of clock. 
Output data can be provided To after TL, but it is more reliable and simple to latch the results at rising 
edge of CLK. 
Duty of clock pulse should be set to the best point of DG and DP. 


(SAMPLE) 


P (HOLD) 
Sampling pulses 











| | 
Sample/hold | | | 
waveforms | \ 
| | | I 
| { { 
boy | 
Clock 
—>|—fe— TE 
Upper data \ 
output 
| 
| 
| 
| 
I y 
Lower data 
I | oe 
TA > Ta (aperture time of S/H circuit + settling time) 
tT > 22ns 
tw > 2ns 
™m < 4ns 
TE < 8ns 


* Ta=—10°C to +70°C 
TH is the timing of the upper-level comparator for 
comparing Vin with Vrer and latching the results. 
TL is the timing of the lower-level comparator for 
comparing Vin with VreFr and latching the results. 
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2. Digital output pin of CX20052A is provided with an open emitter. Although the level is ECL compatible 
but the current must be less than 10 mA in operation. Output current is about 1 mA, when Rt is 4.3 kQ. 
Ri is 4.3 kQ. 
The reference table of analog input signal and digital output codes are shown below. D1 is MSB and D8 


is LSB. 
Input signal voltage Output digital code 


MSB LSB 
0.0000V 11111111 


—0.9961V 10000000 
—1.0039V 01111111 
—1.0118V 01111110 


—2.0000V 00000000 





3. Usually, clock input pin should be driven by complementary ECL signal. nal. 


4. Reference resistors have adjusting pins as shown below. Usually these pins are connected to GND 
through 0.047 pF capacitors. When an adjustment is required, they should be connected to GND or 
Vrer (8) through resistors. 





GND 







VREF A0ut 





CX 20052A 


VREF AOUS 


mir 
VREF ADJ2 an 
wir 


—-2Vv 


rt 


5. For reducing parasitic inductance and resistance, the wider area of GND pattern of the printed circuit 
board is the better. 
As ANALOG GND and DIGITAL GND are prepared, separated GND patterns can be designed. 


6. Use a sampling and hold circuit which has short Ta for accurate sampling. (see the timing chart) 


7. Although pin-1 (H, COMP, BIAS) is an idle pin, it is connected to internal circuit, so it should not be 
connected to GND, power supply or other pins. Pin-16, 17, 18 (NC) is not connected to internal circuit. 


a Ve 


Application Circuit 


VcS0072X9 


A+5V OFFSET ADJUST 


510 10K 510 
oA- 
oN SAMPLE /HOLD 


VIDEO AMP 








1SS97 X 4 


VIDEO 
IN © 


0.022 y3 
OVE 33 
& a3KXe 
DIGTAL OUT 
(2 © D1 (MSB) 


ees 
aa 8 
See 
eee BE a 
aan 7 Bs 


CxX20052A 


| 

— 

b> 3) aaa oD7 

| (ae ae D8 (LSB) 
~ GN3 





VRB 
ADJUST 


510 


CLK IN © 2 g | anp ii Note) A: Analog 


si D: Digital 


a HD10105 CLOCK TIMING GENERATOR or: Analog GND 


b : Digital GND 


"ANOS 








CX20052A 


Power dissipation Pp (W) 


Derating Curve 





Ambient temperature Ta (°C) 
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CX20116/CX20116U/ 





CXA1066K/CXA1066UK 


8 bit 100 MHz Flash A/D Converter 


Description 

The CX20116/CX201 16U/CXA1066K/CXA1066UK 
are the 8 bit ultra high speed A/D Converter 
Integrated Circuit capable of digitizing analog 
signals at rates from DC to 100 MHz. These A/Ds can 
be utilized in many varied applications. A wide 
analog input band width satisfies the characteristics 
for high definition television systems. Power consump- 
tion is approximately 1.2 Watts at 100 MHz 
sampling speed. 

The CX20116U/CXA1066UK are high reliability 
version of CX20116/CXA1066K with extended 
temperature (—55 to 125°C) and bias burn-in (75 
hours at 125°C). 


Features 

e Resolution at 8 bit +14 LSB 

e Ultra high speed operation with maximum conver- 
sion rate of 100 MHz 

e Full scale input band width of 40 MHz (—3 dB) 

¢ Low input capacitance at 40 pF (max.) 

¢ Low power consumption at 1.2W (Typ) 


Applications 

¢ Digital video signal processing 

e Radar/sonar and acquisition systems 
¢ Medical electronics 

¢ Digital measurement systems 
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Package Outline Unit: mm 


CX20116/CX20116U 42 pin DIP 


53.9 MAX 


68 contact chip carrier 
21.59 


eee sees a 


CXA1066K/ 
CXA1066UK 





= 20.32 


16 x 1.27 


JEDEC TYPE B 








CX20116/CX20116U/CXA1066K/CXA1066UK 7 SON Yo 


Absolute Maximum Ratings (Ta=25°C) 


¢ Supply voltage VEE O to —7 V 
¢ Analog input voltage VIN 0.5 to Vee V 
e Reference input voltage Vet, Vrs, VRu 0.5 to VEE V 
|VRT—Vre | 2.5 V 
¢ Digital input voltage CLK, CLK, MINV, LINV - 0.5 to —4 V 
e VrRmM pin input current IVRM 3° to 3 mA 
¢ Digital output current IDo to 1D7 O to —10 mA 
¢ Operating temperature Ta CX20116 —20 to +100 °C 
Tc CXA1066K —25 to +125 °C"! 
Tc CX20116U/CXA1066UK —55 to +125 °C" 
* Strage temperature Tstg —55 to +150 °C 
¢ Allowable power dissipation Pp | CX20116/CX20116U 3.1 W 
CXA1066K/CXA1 O66UK 2.3 WwW 


*1 Heat sinking is required for CXA1066K/CXA1066UK above 54°C ambient. 


Recommended Operating Conditions 
| Min. Typ. Max. Unit. 


¢ Supply voltage Avec, DVEE =6.7 6:2. 5.0 V 
AVee— DVEE —-0.05 0O 0.05 V 
AGND—DGND —-0.05 0O 0.05 V 
e Reference input voltage VRT —0.1 0) 0.1 V 
VRB —2.2 2 =1,8 V 

¢ Analog input voltage VIN VRB VRT 
¢ Clock pulse width Tpwi 7.5 ns 
Tpw0 2.5 ns 


Pin Configuration 
The pin numbers without indication are empty pins. (not connected) 





AVEE (1) 
VRT 
LINV. (3) 
DVEE @) ) AVeE AVEE AVEE 
DGND 6) ) AVEE AVEE AVEE 
DGND (6) VAT VRB 
(LSB) DO AVEE 
ie none . CXA1066K/ CLK 
D2 VIN CXA1066UK GLK 
D3 AGND LINV ay 
CX20116/ Dv 
D4 VRM EE 
CX20116U DVEE 
D5 AGND DGND 
(MSB) D7 AGND 14 15 16 17 18192021 
~- 00a 
ou Zas8aass 38 
DGND (6) a a 99 
OVEE (17) h AVEE 2 = 
MINV (18) AVEE 
CLK VRB (TOP VIEW) 
CLK 





(TOP VIEW) 
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Block Diagram 


VAT ° 


o D7 


0 D6 


VRM o 


6 BIT ENCODER 
8 BIT ENCODER 


oc 
uJ 
UL. 
Le 
> 
faa] 
kK 
> 
a. 
E 
=) 
Oo 


° DO 





VRB ° 


CLK ° iS 
CLK ° q 





MINV ~ LINV 


Pin Description 


Analog Vee, —5.2V (typ). Coupled with ~6 between DVee. 

Input pin for output polarity inversion of Do (LSB)—De. (See the code table) 
Digital Vee, —5.2V (typ). 

Digital GND, which is separated from the Analog GND. 


Digital data output pin, ECL level. Do: LSB—D7: MSB. 
Pull-down resistors are necessary externally. 






Function 





































Input pin for output polarity inversion of D7 (MSB) (See the code table). ECL level. 
“O” level is held when it is released. 


Inverse clock input pin, ECL level. 
Clock input pin, ECL level. 


Empty pins (not connected), 2 and 19 are used to be grounded to DGND, the others are 
used to be grounded to AGND. | 
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Electrical Characteristics (Ta=25°C, Vee=—5.2V, Vat=OV, Vas=—2V) 


Maximum Conversion Rate 
Analog Input Capacitance 
Analog Input Bias Current Pn INEST 
Reference Resistor 

L 





c 
=) 
= 


Typ 









< 
~” 
™sm 
~” 


=e 


No 
© 






Offset Voltage vs 


N | 
N NO 


T 
VRB 


ee 


| 
o 
NI 


“J 
= = 1 w 
oOo 


9: (1.75 


Pwe=oav 
eat 


sy 


Vi 





Digital Input Current 


fit Vit=—-1.75V | —0.05 | 


Non-linearity Error Vin=0 to —2V, 
fin=1 kHz, ramp 
el 
oP —_ 
ras 





Digital Output Voltage 





—1.6 





ms Oo 
Ro a 

3 | 3 
DEREE 






LSB 










Ht 


Differential Non-linearity Fe=35 MS/s, 2 LSB 
1/16 LSB step ramp 


Error 
NTSC 40 IRE mod. 
ramp, Fc=100 MS/s 


& 


Differential Gain 


Differential Phase 


+ 
> 





Aperture Jitter 
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Output Coding 


1: Vin, VOH 
O: Vit, Vor 





Timing Chart 


Analog in 





| tT hn 
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Electrical Characteristics Measuring Circuit 
Maximum Conversion Frequency Measuring Circuit 
Non-linearity Measuring Circuit 

Differential Gain Error Measuring Circuit 
Differential Phase Error Measuring Circuit 


Ims 
<.____—_—__» 


OV 


Func ~2V 


Generator 


(CX20202) 


SG(CW) Oscillo 
Scope 





Non-linearity 
Maximum Conversion Rate 





O 
Control GO/NG 
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CX20116/CX20116U/CXA1066K/CXA1066UK SONY: 


Power Supply Current Measuring Circuit 
Analog Input Bias Current Measuring Circuit 


CX20116/ 
CX20116U/ 
CXA1066K/ 





40MHz 














Logic 
Analizer 


1024 
samples 


ECL 
Buffer 





40MHz 
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CX20202A-1/-2/-3 





10/9/8 bit 160 MHz D/A Converter 


Descriptions Package Outline Unit: mm 


A series of D/A converters CX20201A/ CX20201A 28 Pin MFP 
CX20202A convert binary data into an analog 
signal at rates higher than 160 MHz. The devices 
include input data registers and have a capability 
of driving 75 ohms load. Three versions with 
linearity specifications of 10, 9 or 8 bits are avail- 
able for each model. 

These D/A converter ICs can be used in signal 
processings which require high speed and high 
resolution D/A conversions such as high quality 
displays, high definition video systems, digital 
measurement instruments and radars. 


CX20201A-1/CX20202A-1 10-bit 
CX20201A-2/CX20202A-2 9-bit 
CX20201A-3/CX20202A-3 8-bit 
Features 
e High speed 160 MHz 
@ High accuracy 10 bit MFP-28P-LO2 
(CX20201A-1/ 
CX20202A-1) CX20202A 28 Pin DIP 
e Low glitch energy 15 pVsec 
e Low power consumption 420 mW 


e Logic invert input 
e 75-Q direct drive capability 
e Analog multiplying function 


Structure 
Bipolar silicon monolithic IC. 


Absolute Maximum Ratings (Ta = 25°C) 


e Supply voltage VEE —7 V 

e Digital input voltage ‘VI +0.3 to VEE V 

e Reference input VREF +0.3 to VEE 
voltage 

e Analog output current IOUT 20 mA 


OIP-28P-03 


@ Operating temperature Tope —20to + 75 °C 
e Storage temperature Tstg —55 to +150 °C 
e Allowable power 





dissipation PD 
CX20201A-1/-2/-3 870 mW | 
CX20202A-1/-2/-3 1430 mW 
Recommended Operating Conditions 
e Supply voltage AVEE, DVEE —4.75 to —5.45 V 
AVEE-DVEE —0.05 to +0.05 V 
e Digital input voltage = VIH —-10 to —0O.7 V 
VIL -—-19 to —1.6 V 
e Reference input VREF VEE+0.5 to 
voltage VEE+1.4 V 
e Load resistance Ri above 75 D 
e Output voltage VO(FS) 0.8 to 1.2 V 
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Block Diagram and Pin Configuration (top view) 


AGND, ‘Vree AVee NC NC NC NC NC OUT NC AGND: DGND _ INV DV:: 


(28) (27) —{26) —{25) —{24) (23) {22-21 (20) (8) (18) {17 (16) (18) 
7 a 


. INV 


ion ears me oe buffer 


| \° - 

O) ate C) ) ) O © () () C) ‘e C) eo 
L —W_ 
r 











7 
Upper 4-bit decoder yy Clock 
buffer 
ee Rees 
TIT Il ITT 


MSB D2 D3 D4 D5 D6 D7 D8 D9 LSB NC NC CLK CLK 


Lijo -y 












€-/@-/L-W7O0CO7TXI/E-/Z-/ L-WLOTOEXI © 


“ANOS 





CX20201A-1/+2/-3/CX20202A-1/-2/-3 SONY. 





Pin Description 


Input pin for digital data. MSB and LSB are 
corresponded to the most significant bit and 
least significant bit, respectively. Pins not used 
should be left open or connected to DVEE. 













SOMYHATHAWN— 


Pins for clock inputs. 


Code invert input pin which inverts the relation- 
ship between the binary code of digital data 
and D/A output voltage level. 














(5) 
OVEE 


DGND Ll Grounding pin for digital circuit. 


Grounding pin directly connected to the R-2R 
output resistor circuit network in the IC. 
Grounding for analog circuit system. 


a 









aS4i= 


CX20201A-1/-2/-3/CX20202A-1/-2/-3 SONY; 


D/A analog output. 


Bias pin which controls D/A output range. The | 
output scale is set by the potential difference 
between VREF and AVEE. 


Grounding pin for analog circuit system other 
than the R-2R output resistor circuit network 
in the IC 





Electrical Characteristics (1) Ta = 25°C, AVEE = DVEE = —5.2V, AGND = DGND = OV, RL = &%, 
VO(FS) = —1V 


CX20201A-1/CX20202A-1 
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CX20201A-1/-2/-3/CX20202A-1/-2/-3 | SON Y, 


CX20201A-2/CX20202A-2 


Resolution 


Differential 
3 













Settling time 


CX20201A-3/CX20202A-3 


Item 


PResoiwion——«d|_CRS 
Differential 

linearity error 

[uinearty ror | 


Settling time 






Electrical Characteristics (2) Ta = 25°C, AVEE = DVEE = —5.2V, AGND = DGND = OV, Rt = ©, 
Vo(FS) = —1V 


wa eae] te |S | So] 
current CX20202A —82 | —100 

Data input current lIH(U) VIH = —0.89V 0.1 6.0 pA 
Data input current NHL) VIH = —0.89V 0.1 0.75 3.0 pA 
IREF VREF = —4.38V 


Output resistance lo = —1mA 
RL = 750 


*1 See Figs. 3 to 5. 





















fc 
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CX20201A-1/-2/-3/CX20202A-1/-2/-3 SONY, 


Data for Typical Application 
Ta = 25°C, AVEE = DVEE = —5.2V, AGND = DGND = OV, RL = &, "gro =-—1V 


Output voltage zero RL 2 10k —7 _— 

offset RL = 751.) —7 

Output voltage full-scale TCIFS) Ri 2 10k — 140 |; —280 ppm/°C 
temperature coefficient RL =75Q0 —580 | —1 rs 

Output voltage zero offset TcIzs) RL > 10ka pa | ave | pave 
temperature coefficient 

ogeu voltage full-scale Volrs) RL= PRLZ10KQ 10kQ a er 
ee 


ie Rl = 750 sae 
Propagation delay delay ln th Seed —— 


Te Se SLI Se See Bea 
























Timing Chart 


CLK 
CLK 


Data 






D/A OUT 


=<) 


Fig. 1 
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CX20201A-1/-2/-3/CX20202A-1/-2/-3 : SONY. 


Input Coding Table 


Input code 






Output code (V) 









Measuring Conditions for Current Consumption, Input Current and Output Resistance 
(See Fig. 2.) 






Switch condition 


S4 | $5 | $6 | $7 | $8 | $9 [S10{si1]s12/s13/s14|s15|s16|17|S18|si9|s20/s21 


Current 
consumption 


bib] bla 
fa|b|b|b| 
liv) Bae 
pb] b/b- 
(bb |b] b/d 


fa 
blalb[b[b| db. 
oo elepefe fete 
jb] bib 
pb |b 
current for lower 
6 bits (L level) 


Clock input 

current (H level) ToLKH 
Clock-bar input ler 
Invert input 

current (H level) 
Referecnce input 

current 
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Test item or Est 


Data input 
current for upper 
4 bits (H level) 














Data input 
current for lower 
4 bits (L level) 










Data input 
current for upper 
6 bits (H level) 










Data input 







Inc) 






CX20201A-1/-2/-3/CX20202A- 1/-2/-3 SON Y, 


Electrical Characteristics Test Circuit 
Test Circuit for Current Consumption, Input Current and Output Resistance 


5. a ~T 
@ 
@) 
@ 
e) ImA 
eg © 


a 
0a 314 (13) Oa 512 43) 46) S17. ao (5) S18 a 
Ub Yb | bY by a's 
og S15 5% 
fee, oe 7 o S13 (14) (15) ia 
0,89V L75V 
cf ‘ Fig. 2 


Test Circuit for Differential Linearity Error and Linearity Error 
ys Linearity errors are measured as follows. 














O Ao On O 
°Q 

O O O 
” 


)—-)—-@) 


$8 


(S) 
a ee OE ee ee oe 
i 


CX20201A/CX20202A 


io g 


; 





Sb 252) "83, ea S9 $10 D/A out 
0 0 Qo teteeeeee 0 0 Ve 
0 0 (oe 0 1 Vi 
gaa Gi FO Gl cesanterss 1 0 V2 
5.2V : : 
1 1 | ] 1 Wigos 







s Linearity error Differential linearity error 
s V 
(e) 0 
N 
fas V1 Vi — Vo 
Pe, 
V2 Ve —-V1 
a Va Va — V3 
: Ve Vea — Vr 
O 
Vie Vie — Vis 
V32 V32 — Vs1 
Ve4 Vea — Vea 
Vizs Vizes —Viez 
Vig2 Vioz —Viot 
sae Vee 0 Vo 60 is Voss 
Vi 023 
* Adjust so that the full scale of DC voltage at Pin 20 Errors at individual measurement points are calculated 
becomes 1.023V, that is, to satisfy Vo — V1023 = 1.023V. according to the following definition. 
Fig. 3 (Vi023 — Vo)/1023 = Vo(rs)/1023 = 1 LSB. 
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CX20201A-1/-2/-3/CX20202A-1/-2/-3 


Test circuits for 


1/6 HD100151 


O 
—5,2V. CLKF 





to PG 


-1.3V 
O 


0 502. 


‘ Y HD100116 
fe 
O 


470 


CxX20201A/CX20202A 


Measuring Settling Time —52V0 
Settling time is measured as follows. The 
relationship between V and Vo(FS) as shown in the 
D/A output waveform in Fig. 5 is expressed as 

V = Vors) (1 — e~7). 
The settling time for respective accuracy of 10 , 
9 and 8-bit is specified as 

V = 0.9995 Voi(rs) 

V =0.999 VOIFS) 

V =0.998 VOIFS) 
which results in the following: 


Fig. 4 


ts = 7.607 for 10-bit, 
ts = 6.937 for 9-bit, and Fig. 5 
ts = 6.247 for 8-bit 


Rise time (tr) and fall time (tf) are defined as the 
time interval to slew from 10% to 90% of full 
scale voltage (VO(FS)): 

V = 0.1 VOIlFS) 

V = 0.9 VOIlFS) 
and calculated as tr = tf = 2.20 7. 
The settling time is obtained by combining these 


expressions: 
ts = 3.45tr for 10-bit, 
ts = 3.15tr for 9-bit, and 
ts = 2.84tr for 8-bit 





SONY. 


Maximum conversion rate 
Rise time 

Fall time 

Propagation delay 

Set-up time 

Hold time 

Settling time 


DL: delay line (ELMEC VDS11 10) 


Capacitors are 0.047 «F ceramic chip capacitors 
unless otherwise specified. 


50 


to scope 
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Test Circuit for Multiplying Band Width Adjust so that the voltage at point B 


1oxn, becomes — 1V with no AC input. 





51 


to scope 


CX 20201A/CX20202A 






CLK 
CLK 


a. 


AGND DGND 


waveform at point A Ver +0.62V 


+ 


1Vp-p @ 1MHz 
waveform at point B _1V 







Fig. 6 
Typical Application Circuit 
MSB ee 28) 2.7K= V 
* ae os 
3) 
| (4) = (25) a TL431CP 
Digital oO ae 
Data (5) S o Tyr 
(ECL Level) (6) S (23) nar ne 
Bf tye ‘ot 
(8) 5 21) 752. Coaxial Cable 4 SND _D GND 
Oo § 
LSB (10) . 
(1) 
82 (12) 


CLK < S213) 
(ECL Level) i Peme. 


1pF 
O aa Capacitors are 0.047 uF ceramic chip 
Fig. 7 capacitors unless otherwise specified. 








~ 141 — 


CX20201A-1/-2/-3/CX20202A-1/-2/-3 SONY. 





Notes on Applications 


(1) Setting of full-scale output voltage 


(2 


(3 


(4 


(5 


—_ 


) 


) 


Spee 


_ The full-scale output voltage (VO(FS)) is set by the pin 27 (VREF). VO(FS) varies in proportion to the 
voltage difference between pin 27 and pin 26 (AVEE) as shown in Fig. 9. 

VO(FS) can be set by simply dividing the supply voltage using resistors as shown in Fig. 8, but in this 
simple set up the voltage deviation of the supply voltage result in a deviation of VO(FS). This influence 
can be avoided by using a stabilization circuit as shown in Fig. 7 to allow stable full-scale output. 

Pin 27 (VREF) should be stabilized against high-frequency noise by sufficient by passing using a 
capacitor with low lead inductance such as ceramic chip capacitors. The stabilization capacitor should 
be inserted between pin 27 (VREF) and pin 26 (AVEE) as VO(FS) is direct proportion to the voltage 
across these two terminals. 





| Fig. 8 
Noise reduction 
An external digital noise should be minimized because the system handles small analog voltage (1 
LSB corresponds 1 mV of analog output voltage for 10 bit resolution). Refer to the following notes to 
minimize the system noise contamination. 


® Ground plane and VEE plane on a printed circuit board should be made as wide as possible to 
reduce parasitic inductance and resistance. 

@ The patterns AGND and DGND should be separated on the printed circuit board. AVEE and DVEE 
should be separated too. The connections between analog system and digital system are to be 
made at the I/O ports of the printed circuit board. 

@ AVEE and DVEE should be bypassed to respective GND by using a tantalum capacitor of 1 uF and a 
ceramic chip capacitor of 47uF positioned as close as to terminals of the IC. 

® Pins not in sure are to be connected to the ground plane. 


Load resistance and temperature coefficient 


Temperature coefficient of the full-scale output voltage and zero offset voltage depend on the load 
resistance (value and type). Generally, the larger the load resistance the better the temperature coeffi- 
cient value. Temperature characteristics at RL 2 10 kQ and RL = 75 1 are shown in Fig. 10. 


Input data and internal latching circuit 


CX20201A/CX20202A incorporates a latching circuit as shown in the block diagram. This latching 
circuit has a two-stage configuration (master-slave type) and fetches input data only at the rising edge 
of the clock; the output is not affected by the changes in input data at any other timings. This mecha- 
nism allows stable operation against any changes in input data at any timings, except for the set-up 
time immediately before and the hold time immediately after the clock change from L to H. 


Driving input data and clock 

CX20201A/CX20202A are designed to be operated at very high speed. It is, therefore, necessary 
to drive it with a high-speed ICs such as an ECL100K for full performance. Also the output port of the 
data and clock drivers should be terminated with 50-© systems. See Figs. 4 and 7. 
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Temperature Characteristics of 
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Multiplying Input/Output Characteristics 
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"CX20206 


8 bit 835 MHz RGB 3-channel D/A Converter 


Description 


The CX20206 is an 8 bit high-speed D/A con- 


Package Outline Unit: mm 


verter for video band use. It has an output/input 42 pin SRK 


equivalent to 3 channels of R, G and B. It is 
suitable for use of digital TV, graphic display, 


etc. 


Features 

e Resolution: 8 bits 

e Maximum conversion speed: 35MSPS 
e RGB 3-channel input/output 

¢ Differential linearity error, +1/2LSB 

¢ Digital input voltage: TTL level 

e Output voltage full-scale: 1 Vp-p (typ) 
« Low power consumption: 360 mW (typ) 
e +5V single power supply 


Structure 
Bipolar silicon monolithic IC 


Absolute Maximum Ratings (Ta=25°C) 


e Power supply voltage Vcc 
« Input voltage (digital) Vi 
| VCLK 
« Input voltage (VSET pin) VSET 
e Output voltage (analog) Vout 
e Output current (analog) louT 
(VREF pin) IREF 
e Operating temperature - Topr 
e Storage temperature Tstg 


e Allowable power dissipation Pb 


Recommended Operating Conditions 
« Power supply voltage AVcc, DVcc 
AVcc—DVcc 


AGND-—DGND —0.05 to +0.05 


e Digital input voltage H level VIH, VcLKH 
L level VIL, VcLkL 


e VSET input voltage VSET 
e VREF pin current IREF 
e Clock pulse width Tpw1 

Tpwo 


1.5 W 
4.5 to 5.5 V 
—0.2 to +0.2 V 
V 
2.0 to DVcc V 
DGND to 0.8 V 
0.7 to 0.9 V 
—3 to —0.4 mA 
15 ns 
10 ns 


SRK-42P-02 





O to 7 V 
—0.3 to Vcc V 
—0.3 to Vcc V 
—0.3 to Vcc V 
Vec—2.1 to Vcc V 
—3 to +10 mA 
—5 to O mA 
—20 to +75 ig &: 
—55 to +150 °C 
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Block Diagram 


DGND 








Decoder 


Current 


Decoder 






Current 
switch 


Clock synchronizing Circuit 





Decoder 








Current 
switch 





oe 
65 (17) 
«6 (@ 


B7 












Clock 
buffer 


Internal 
reference 
voltage 

source 


CLK DVcc AGND Vser VREF 
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CX20206 


Pin Description 


SON Yo 


R1 to R8 
G1 to G8 
B1 to B8 


39 to 42 
1 to 20 
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Digital input pin. 

From pins 39 to 42 and from 1 to4 are 
for RED. 

R1 is MSB and R8 is LSB. 

From pins 5 to 12 are for GREEN. 
G1 is MSB and G8 is LSB. 

From pins 13 to 20 are for BLUE. 
B1 is MSB and B8 is LSB. 


Clock input pin. 


Digital Vcc. 


Vacant pin (non-connection) 


Analog GND. 


Bias input pin. 
Normally, apply 0.8V. 
See “Note on use”. 





Q 

x 

N 

fs) 

N 

° 

o 
| 
| 


27 VREF 


NO 
co 
Zz 
O 


29 AVcc 


1e) 
© 
2 
O 


31 BOUT 


te) 
No 
Zz 
O 


33 GOUT 


C 


1¢) 
f 
; 


35 ROUT 


@5) 

AGND 
Oo 
[a7| pond | 
ee 


* 


Pins 30, 32, 34 and 36 are vacant, but in order to re 
RGB outputs, connect them to AVcc. 
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Internal reference voltage out-put pin 
1.2V (typ) 
A pull-down resistance is necessary 


externally. 
See ‘Note on use”. 





Vacant pin (non-connection) 
Analog Vcc 
Vacant pin but connect to AVcc* 


Analog output pin for BLUE. 





Analog output pin for GREEN. 





Analog output pin for RED. 





Vacant pin but connect to AVcc* 
Digital GND 
Vacant pin (non-connection) 


duce interference between the individual 
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Electrical Characteristics (Ta=25°C, AVcc=DVcc=5.0V, AGND=DGND=0.0V/). 


Resolution 








Monotony 








VseT— AGND=0.8V 
RL>10kQ 


RSL 
MNT 
DLE 

ILE |FS=Full-scale 


Differential linearity error JDL. 


Integral linearity error 


Maximum conversion speed fMax 


Full-scale output Vv 
voltage(note 1) OFS | VseT— AGND=0.8V 


RGB output voltage full-scale RL>10kQ. CL<20pF 


ratio(note 2) 












Output zero offset voltage 


a0 [3 
[|__| 270 | 340 [ano | 


VseT— AGND=0.8V 
54 72 mA 


RL> 10k 
lREF=—400uA 

H [Upper 2 bits] Iu | || 2 | 20 | pa 
I= DVcc 

input current Huu 

Clock input current 

Internal reference voltage | Vrer |IREF=—400pA 

[Sewuptime | | 

[Hold time PtH 


Note 1) AVcc—Vo 
2) Maximum value among 


100 X versie -| - 100 X 
VOFS(G) 


Output resistance 














Consumption current 





Digital data 








wi] pa ‘a 





VOFS(G) __ 
VOFS(B) 








VoFs(B) __ 1 
VOFS(R) 


1. or 100 X 
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Input corresponding table 


Input code Output voltage 


MSB LSB 
11111111] VcctVoffset 











1000000 0| VcctVoffset—0.5V 





00000000! VcctVoffset—1.0V 





In case the output voltage full-scale is 1.00V. (1LSB=3.92 mV) 
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Electrical Characteristics Measuring Circuit 


Differential linearity and integral linearity measuring circuits 


OVcc 





OGND 


CLK TTL level 





CX20206 


Maximum conversion speed measuring circuit 





(MSB) 
OUT DI! ae ; 
: Digital ramp waveform generation 
iS 8 bit D 
| counter | 
oae (TTL : : 
a output) | ° Sn Pike ee 
Oscilloscope 
Rin = 1MQ 
Cin = 10pF 
5: '2.5K Bw = 20MHz 
Cx20206 
MCLK 
f = 35MHz 
TTL level 
Rectangular 
wave 


AGNO DGND 





AVcc DVcc 


Timing between CLK and DATA 
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Output voltage full-scale precision, RGB output voltage full-scale ratio, and output zero 
offset voltage measuring circuits 





CLK TTL level 


CX 20206 


Fig. 1 Set-up time, hold time, and rise and fall time measuring circuits 


CX 20206 


(1m) 
Cooxal Coble 


Observe data waveform 6 (O) R OUT Observe with an 






















Cooxal . 
with an oscilloscope 54 Coble 6) oscilloscope 
Bs ote ae ee ()) G OUT = 
RIN = 1MQ C) aaa 50 ( a IMQ 
BW = 200MHz neh x oor BW = 200MHz 
aes 50 
50 47 54 
1/2 5) 
divider 33uF 
f = 35MHz 
TTL level Coaxal Coble (im) 


Observe CLK waveform 





Pulse generator 47 50 With an Gee GRCOPe 
8082A (YHP) Rin = MQ 
BW = 200MHz 
f = 35MHz 


TTL level Rectangular wave 


Pulse generator 
8082A (Y HP) 


Delay AGND DGND AVcc Dvcc 


adjustment | aR J b 
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Standard Circuit Design Data 


Glitch energy 


Rise time(note 2) 
Fall timel(note 2) 


Settling time 


SON Ye 


(Ta=25°C, AVcc=DVcc=5.0V, AGND=DGND=0.0V) 


D/A OUT: 1Vp-p 
RL>10kQ 
CL<20pF 
fpATA= 7 MHz 
foLK=14MHz 

See Fig.2 

VseT— AGND=0.8V 
Rt>10kQ 

fcLK=1 MHz 

Digital ramp output 
See Fig.3(note 1) 


Vset—- AGND=0.8V 
See Fig. 1. 





Note 1) Observe the glitch which is generated when the digital input varies as follows: 
00111111~+>01000000 
01111111~+%10000000 
10111111~-+11000000 | 

2) The time required for the D/A OUT to arrive at 90% of its final value from 10%. 
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Standard Circuit Design Data Measuring Circuit 


Fig. 2 Crosstalk among R, G and B measuring circuit 








Spectrum 
analyzer 
f = 7MHz - 
TTL level O 
Rectangular wave 


(TEKTRONIX) 


1/2 


divider 12.5K 


CX20206 


MCLK 

f = 14MHz 
TTL level 
Rectangular wave 


[Measuring method] 
In case the measuring crosstalk of G>R 


1 Apply the data to G only and measure the power of the frequency component of the 
data at R OUT. 


2 Apply the data to R only and measure the power of the frequency component of the 
data at R OUT. 


3 Take the difference of the above two powers. The unit is in dB. 


Fig. 3 Glitch energy measuring circuit 


(MSB) 
‘ our 01 Digital ramp waveform generation 
counter R OUT 
(TTL : 
(LSB) RL 
output) 08 





F 
a4 Oscilloscope 





(Gp VREF Rin = 1MQ 
Cin = 20pF 
(G6 YSET 3K BW=5MHz 
V) 
334uNF 
(22)}0 
MCLK 
f = 1MHz 
TTL level 
Rectangular 
wave 
AGND DGND 





1» 


——-,-/-----—|-\------ 
1! | 

1 | | Avec OVcc 
Timing of CLK and DATA pt 
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Operation Description 














aor ™% 712 «+72 T3 134 14 
Timing chart | Tew1jTpwol . a 
I 
| | | | | 
CLK : | Vth = 1.5V 
DATA Vth = 1.4V 
. 
Vth: Threshold level 
| 100% | 
Lo 
——|-- 90% | 
l 
| 
D/A OUT | 
| 
| 
| 
| 
| 


At the time t = Tx, the data of individual bits are 
switched and thereafter when the CLK becomes 
L > H at t = T2, the D/A OUT is varied synchro- 
nous with it. That is, the D/A OUT is synchro- 
nous with the rise of the CLK. 

(In this case, fetching of the data is carried out at 
the fall of the CLK (at the time when t = T79)). 


Applied Circuit Example 


DATA 
(TTL tevel) (R) 


(G) 


(B) 


aD i 


CLK 
(TTL level) CX20206 





At the time t = Ty, the data of individual bits are 
switched and thereafter when the CLK becomes 
L > H at t = Tq, the D/A OUT is varied synchro- 
nous with it. That is, the D/A OUT is synchro- 
nous with the rise of the CLK. 

(In this case, fetching of the data is carried out at 
the fall of the CLK (at the time when t = T4)). 


k 
LPF O)) R OUT 
k 
LPF (CD) G OUT 
LPF O)) 8 OUT 
BW= 16MHz 


R* is matching resistance for LPF 


AGND DGND AVcc DVcc 


ae ae 
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Note on Use 


(1) Setting of pin 26 (Vset) 
The full-scale of the D/A output voltage changes by applying voltage to pin 26 (Vset). 
When load is connected to pin 27 (VreF), DC voltage of 1.2V is issued and the said voltage is 
dropped to O.8V by resistance division. 
When the 0.8V is applied to pin 26 (Vset), the D/A output of 1 Vp-p can be obtained. 
(Example of use) 





(Adjustment method) 
1 The resistance R is determined in accordance with the recommended operating condition 
of IReEF (Current flowing through resistance R). 
See R vs. IreF of Fig. 4. The calculation expression is as follows: 
R= Vree/IREF 
2 Adjust the volume so that the RGB output voltage full-scale becomes 1.0V. 
(At this point, it becomes R1:R2=1:2) 


Fig. 4 Resistance vs. VREF pin current 





Resistance R (kQ) 





Pin current IREF (MA) 


(2) Phase relationship between data and clock 
In order to obtain the desired characteristics as a D/A converter, it is necessary to set the phase 
relationship correctly between the externally applied data and clock. 
Satisfy the standard of the set-up time (ts) and hold time (th) indicated in the electrical 
characteristics. As to the meaning of ts and th, see the timing chart. 


Moreover, the clock pulse width is desired to be as indicated in the recommended operating 
condition. 
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(3) Regarding the load of D/A output pin 

Receive the D/A output of the next stage with high impedance. In other words, perform so that 
it becomes as follows: 

RL>10 kQ 

CL<20 pF 
The temperature characteristics indicated in the characteristics diagram has been measured 
under this condition. 
However, when it is made to RLS=10kQ. the temperature characteristics may change 
considerably. In addition, when it is made to CL=20 pf, the rise and fall of the D/A output 
become slow and will not operate at high speed. 


(4) Noise reduction measures 
As the D/A output voltage is a minute voltage of approximately 4 mV per one step, ingenuity is 
required in reducing the noise entering from the outside of the IC as much as possible. 
Therefore use the items given below as reference. 
« When mounting onto the printed board, allow as much space as possible to the ground 
surface and the Vcc surface on the board and reduce the parasitic inductance and resistance. 
¢ It is desirable that the AGND and DGND be separated in the pattern on the board. It is similar 
with AVcc and DVcc. As shown in the diagram below, for example, it is recommended that 
the wiring to the electric supply of AGND and DGND as also AVcc and DVcc be conducted 
separately, and then making AGND and DGND as also AVcc and DVcc in common right near 
the power supply respectively. 
Insert in parallel a 47 uF tantalum capacitor and a 1000 pF ceramic capacitor between the 
Vcc surface on the printed board and the nearmost ground surface. ( A_ of diagram below). It 
is also desirable to insert the above between the Vcc surface near the pin of the IC and the 
| ground surface. ( B_ of diagram below). They are bypass capacitors to prevent bad effects 
| from occurring to the characteristics when the power supply voltage fluctuates due to the 
| clock, etc. , 
e It is recommended to reduce noise which overlaps the D/A output by inserting a capacitor of 
over 0.1 uF between pin 25 (AGND) and pin 26 (Vse7). 







CX20206 
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CX20206 


Vors-Output voltage full-scale (Vp-p) 


Vors-Output voltage full-scale (mVp-p) 








SON Ye 


Output voltage full-scale Output zero offset voltage 
vs. VsET—-AGND vs. VsET-AGND 


AVcc = OVcc = 5.0V 
Ri > 10kQ 


Voffset-Output zero offset voltage (mV) 





VseTt — AGND (Vv) Vset — AGND (v) 


Output voltage full-scale Output zero offset voltage 
vs. Ambient temperature vs. Ambient temperature 





VSET is created 

by resistance 
division of VREF 
(VSET = 2VREF/3) 
IRer = —400KA 


VSET is created AVcc = DVcc = 5.0V 


by resistance 
division of VREF 


(VsET = 2VREF/3) 
IREF = —400”uA 
AVicc = OVcc = 5.0V 
RL > 10k2 


Voffset-Output zero offset voltage (mV) 





Ta — Ambient temperature ( °C) Ta — Ambient temperature ( °C) 
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VoOFs — Output voitage full-scale (Vp-p) 


VREF — Internal reference voltage (V) 


Output voltage full-scale 
vs. Power supply voltage 


ert ft | | 
pea 


Ta=25°C 
VseTt — AGND = 0.8V 
Ri > 10k 





Vcc — Power supply voltage (V) 


Internal reference voltage 
vs. Ambient temperature 


IREF = —400HA 
AVcc = DVcc = 5.0V 





Ta — Ambient temperature ( °C) 


Output zero offset voltage 
vs. Power supply voltage 


Voffset — Output zero offset voltage (mV) 





Vcc — Power supply voltage (V) 


Internal reference voltage 
vs. Power supply voltage 









1.15 


VREF — Internal reference voltage (V) 








4 5 6 


Vcc — Power supply voltage (V) 
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Crosstalk among R, G and B 
vs. Data frequency 


Ta = 25°C 


Output voltage full-scale 1Vp-p 
foLK = 2fDATA 

AVcc 2 OVcc = 5.0V 

RL > 10kQ, CL < 20pF 

Pins 30, 32, 34 and 36 

are connected to AV¢c. 


CT — Crosstalk (dB) 





10 20 


fp ATA — Data frequency (MHz) 
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10/9 bit 20 MHz Sub-ranging A/ D Converter 


Description Package Outline Unit: mm 

The CX20220A series is a high-speed, 20-MHz | 28 pin DIP (ceramic) 
A/D converter which comes in two types of reso- 35,56 7% 
lution, 10-bit and 9-bit, that are distinguished by 
the number suffixed to the name. Since a series- 
parallel system is used, an external sample hold 
circuit is required. 
e Resolution: 10 bits (CX20220A-1) 

9 bits (CXK20220A-2) 


wo 
© 
°o 
+ 


” 
1,2, 
o 
' 
Fe) 
NI 
fas) 


e Maximum conversion rate: 20 MHz 

e Digitizing range: Oto —2V 
e Digital input/output: ECL level 
e Output code: binary 

e Low power consumption: 360 mW 


Structure 


Bipolar silicon monolithic IC 
DIP-28C-01 





Absolute Maximum Ratings (Ta = 25°C) 


e Supply voltage Vcc 2.5 V 

VEE —7 V 
e Analog voltage Vi VEE to 0.3 V 
e Clock input voltage VCLK, VCLK VEE to 0.3 V 
e Reference voltage VREF VEE to 0.3 V 
e Digital output current Voito Voto O to —20 mA 
e Operating temperature Topr —20 to +75 al © 
e Storage temperature Tstg —55 to +150 °C 
e Allowable power dissipation PD 1.23 WwW 


Recommended Operating Conditions 


e Supply voltage Vcc 1.6 to 2.1 V 
VEE —5.25 to —4.75 V 

AGND-DGND —0.05 to +0.05 V 

e Reference voltage VREF.T 0 V 
VREF.B —2.0 V 

e Analog input voltage Vi VREF.B to VREF.T V 
e Clock input voltage VIH —1.1 min. V 
: VIL —1.4 max. V 

e Clock pulse width TPW1 20 min. ns 
TPWO 22 min. ns 
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Block Diagram and Pin Configuration (Top View) 
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Pin Description and Equivalent Circuit 


CLK 






Clock input pin, ECL level. 


CLK Inverse clock input pin, ECL level 


NO 


3 | D10(LSB) 
D9 


Lo) 


NM | oO | N 


Digital output pin, ECL level, pull-down 
resistor (1OKQ) built in. 


NO 


D1(MSB) 


Analog ground pin 


Digital ground pin at 
Power supply pin. To be grounded with ceramic 
chip capacitor of 0.1 uF or over. 


GND 


O 
Oo 


<!O|> 
mio | 
Z2\|z 
010 


VIN(H) Analog input pin (Upper level) 


Vee 


vec 


17 VINIL) (7) Analog input pin (Lower level) 
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Equivalent circuit 


AGND 
alte 
VEE 


MTX BIAS 








® 


VREF 
ADJ. 1 
VREF 
ADJ. 2 
VREF 
ADJ. 3 


NO 
_ 


@ 


SONY, 


Pin connected internal matrix, which is 
normally used open. 


Reference voltage pin (top), O V (typ.) 


Reference voltage adjusting pin. To be 
grounded with ceramic chip capacitor of 
O.1nF or over. 





©® ® © 





Reference voltage pin (bottom), —2 V 
To be grounded with ceramic chip 
capacitor of 0.1 uF or over. 


(typ.) 











23 | VREF.B 
EE 
0 
Internal circuit 
24 | Vcc coue 
LCOMP AGND 
25 | BIAS 2 
HCOMP 
BIAS 


VEE 
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Internal power supply pin. Three diodes are 
incorporated in series, so that by connecting 
pull-up resistor to +5V. 


Pin connected internal lower level comparator, 
which is normally used open. 


Pin connected internal upper level comparator 
which is normally used open. 








cat 
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[| Sim 


Vec 











CASCODE 


BIAS @7) Cas code bias pin. To be bypassed to GND 


with ceramic capacitor of 0.1 uF or over. 





28 | LCLK 
BIAS 


Pin. connected internal lower level 
buffer, which is normally used open. 







LCLK BIAS 
HCLK BIAS 


Electrical Characteristics 1 (See the Electrical Characteristics Test Circuit) 
CX2022A-1 (Ta=25°C, Vcc=1.6V, VEE= —5V) 


Differential linearity 
error 


integral linearity EL Differential waveform 

error output 

Differential gain DA output SW4:NTSC 

error 4OIRE mod. ramp 
; ; fe = 14.32 MHz 

Differential phase 


CX2022A-2 





Resolution 


Differential linearity Differential waveform 
error output 
Integral linearity EL Differential waveform 
error output 


Differential gain DA output SW4:NTSC 

error 40IRE mod. ramp 
‘ : fe = 14.32 MHz 

eer phase | DA output nonlock 
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CX2022A-1/-2 | SONY, 


Electrical Characteristics 2 (See the Electrical Characteristics Test Circuit) 


(Ta=25°C, Vcc =1.6V, VEE= —5V) 
SW Condition 
Symbol Sw 


Conversion rate 
Power consumption(1}} lovcc 
Power consumption(2)] lovee _ 


Resistor string ince 
current 








= 


Resistor string 
pin voltage (1) 
Resistor string 
pin voltage (2) 


| 
—_ 
ol 


VARI 
VR2 
Resistor string 
pin voltage (3) 
Offset voltage, 
Offset voltage, 
Vrs side 

lIN 


Analog input current 


3 
< 


< 


m 






SW4: VIN = 














Analog input 

capacity (1) CIN rae Vrms 
; VIN = 

een oy CIN —2V +0.07 Vrms 





capacity (2) 


4 MHz 





Analog input 
bandwidth 


Digital input 
current (1) 


ise) 
= 
op) 
O >| > | > |e > |= 


NH 


n 
ie 
7 
Po] 
w 





Digital input 
current (2) 


Hie 


.= 





Inverse digital input 
current (1) 


= 
. 
> 


Inverse digital input 
current (2) 


.~ 
> 


Ie 


Digital output voltage, VIL 
H level (1) 


Digital output voltage, 


H level (2) von 


Digital output voltage 
L leve ye 


Digital output voltage, 


L level VoL 


Output data delay (1) Ta 


Output data delay (2) Td 
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Electrical Characteristic Test Circuit 


BIAS BIAS 


$1 $2 


A BCOE AsBcoOE 


wil ities iii 
mob my rh th sh akth ty 


-885 mv ~1250mvV .—885mV -—1250mv 
—1750mvV) —-2000mvV -1750mv -—2000mv 





c-/L-WE7TOSXD 


Ov  -1000mv 1KHz 10KHz—1OMHz . 
Ramp SIN WAVoe 


~2000mv avp- 18OmVp- 
lovec (_ ) (rp nd p-p mVp-p 
0.47 uF [0.47 F [0.4 7yF [OAT pF 
0.47 uF 1OvEr 
> ™ 7 ae aod ar ee) $3 
(17)-—(16)-—(15) be aah te 


VREF VREF VREF VreF MTX  ViNiL) VINIH) VEE 


BIAS. BIAS ADJ.3 ADJ2 ADJ! T BIAS 


ne 
Let 


—5250mv 
-5000mv 
-4750mvV 


CX20220A-1/-2 


Difference 
amplifier 


1V p-p 
D/A -. , 


























CX20202 


1 KHz 
Romp 
IVp-p 
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CX2022A-1/-2 SONY. 


Reference Data for Standard Circuit Design 


Clock Timing 
CX20220A-1/-2 is a series-parallel-type A/D converter, and therefore an external sample and hold cir- 


cuit is required. Careful timing, design should be made according to the timing chart shown below. The 
timing design between the S/H output and the A/D clock is important. 











Analog input 
Sampling pulse | een | Aen | Oe | 
-Sample N+1 
Sample N+2 
Sample N 

Sample hold waveform TH. TL 

CLK ern co r= re=— 

U \ 4 \ v] \ ’ \ 

Clock ; : : 4 

aK —h 

Ta  Tpwo 7B Tew 
Data output D1 toD10 sad) oe DataN+1 
Tq 
Clock Timing 


Tp & Tp (Aperture time + setting time of sample and hold circuit) 
TB 2 2ns 
TPWO 2 22ns 


TPWwl 2 20ns 


TH is the timing in which the upper level comparator compares VIN and VREF and latches the result. TL is 
the timing in which the lower level comparator compares VIN and VREF and latches the result. The simple 


method is for output data to be latched upon rising edge of CLK. Clock duty should be chosen so that the 
DG and DP perform the best result. 
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CX2022A-1/-2 SONY: 


Digital Output (CX20220A-1) | | 
In the output stages (pins 3 through 12), 10 k{ pull-down resistors are built in. A 1k or larger resis- 
tance can further be connected to it externally. 
Di = MSB,D10 = LSB. 
The table below shows the relationship between analog input voltage and digital output code. 


| , Digital output code (binary) | 

nput signa 

voltage MSB LSB 
12345688910 
1111111111 


1111111110 
1111111101 


1000000001 
1000000000 
0111111111 


0000000001 1|1:Vo, 
0000000000 {g:vo, 





Digital Output (CX20220A-2) 
D1 = MSB, D9 = LSB. 
The table below shows the relationship between analog input voltage and digital output code. 


Digital output code (binary) 
gee MSB LSB 
123456889 
111111111 
111111110 
111111101 


100000001 
100000000 
011111111 


000000001 |4-:yo, 
000000000 |o:vo 
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CX2022A-1/-2 SONY, 


Ground Pin (AGND, DGND) 
When mounting the converter on a printed circuit board, take as much space as possible for GND, to 
reduce impedance and resistance. 


Power Supply Pin (VEE) 
The VEE pin should be bypassed in the shortest way to AGND with a 0O.1uF or larger ceramic chip 
capacitor. 


Power Supply Pin (Vcc) 

This is an internal power supply pin. Three diodes are incorporated in it in series, as shown in the equiva- 
lent circuit diagram, and its lower end is connected to AGND. Therefore, any desired VCC can be obtained 
by connecting a pull-up resistor to +5V. Be careful not to connect a capacitor between this pin and GND, 
because oscillation may result. 


Reference Voltage Pin 

From this pin the reference voltage is supplied to the upper level and lower level comparators. Normally, 
VREF.T should be connected to GND, and VREF.B to — 2.OV, respectively. 

The interval between VREF.T and VREF.B constitutes a resistance of approximately 150 ©, and upon appli- 
cation of —2.0V a current of approximately 13 mA will flow in it. 

Any leakage of CLK to the reference voltage will deteriorate the characteristics of the converter. To 
avoid this, it should be bypassed to AGND with a tantalum capacitor of 47 uF or over plus a ceramic chip 
capacitor of 0.1 uF or over. 


Linearity Adjusting Pin (VREF.ADJ) 

Adjusting pins are extended from reference resistors as shown below. Normally, these pins are connect- 
ed to AGND with a 0.1yF or larger ceramic chip capacitor. When adjustments are needed, connect them 
to AGND or VREF.B via resistance. | 


GNO 


VREF.ADOJ1 | 
CX 20220A-1/-2 


VREF. ADU 2 






VREF. ADU3 


—-2.0V 


7 
Sample & Hold Circuit 
As noted in the explanation of the clock timing, it is desirable that the sample and hold circuit has some 
allowance for TA. A sample and hold circuit based on a diode bridge switch may be used which performs 
the best result. 
For more information, see Application Circuit (2). 


Analog Input 

Since CX20220A-1/-2 has an analog input capacitance of approximately 230pF, the buffer amplifier 
used to drive it must have a sufficient drive capability. Note that, if driven by a low-output-impedance 
buffer amplifier, a parasitic oscillation may result. This can be prevented by inserting a resistor of about 10 
to 30 2 between the output of the buffer amplifier and the A/D input in series. 
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CX2022A-1/-2 SONY, 


Clock Input 
The clock input is a complementary configuration. 
Normally it should be driven with ECL circuit with complementary output. 


Digital Output (D1 through D10) 


Although a 10k {2 pull-down resistor is built into the digitat output stage, a 1k 1 or larger resistor can 


further be connected to it externally. In this case, however, care must be taken about changes in output 
level. 


Other 


Pin 18 (MTX BIAS), pin 25 (LCOM BIAS), pin 26 (HCOMP BIAS) and pin 28 (LCLK BIAS) are not used. 
These pins should never be connected to GND, power supply or any other pins. 


Application Circuit (1) 


ECL.CLK 


ECL.CLK 
0.1pF 


N 
1 
“ 
I 
<x 
Oo 
N 
N 
oO 
N 
x< 
O 


, VIDEO 
S/H INPUT 
100 
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Application Circuit (2) 











QP1rasi95-5 Q1,22sai206 9 Q12-142sc2408 Q3,42sxi0s Q5,G2sc2408 QBzsai2z06 Q7,9,1Ozsc2408 OP2im3sep Q112sai206 -SV-A B1 Al 
5 C25 © C42-45 caas| : 
Bica 0.1 47/16V 62 
1$S97-1 








= oxkLo., 

C43 
= B4 
@) (6) (8) +12V-A' wd 85 
nr goa & on 

-12V-4 

52 28 oe 
B1 D3. | |casi+ 88 
MC10176 (3) 89 
D4 O 810 


13 
18, AL Se 
813 
po Es 


as (et ©) B16 


C) 817 





Al2 
Al3 


2-/1-VOZ2O"™XI 








Ds C) 618 
a C) 919 
(14) © 820 


O10 ©) 821 
(4) © 822 
© 823 

C) 824 


























QVRI;OFFSET  QVR2;GAIN @ VR3; FULL SCALE 
QVR5; Vcc ADJ TPs O 625 
Me heiics QVR6; LINERALITY “Y — Ose 
© 827 
C) 828 
©) 829 
(©) 830 
C) B31 
. : al dete bd | ©) 832 
Be ae DE sy 527m 
SDLSON500 —5V-D ae 
©) 835 
©) 836 A36 





HD10116 ee 
= DIGITAL GND 

*DG (digital ground) and AG (analog ground) should be shorted. 
fe hy ANALOG GND * —5V-D (digital) and — 5V-A (analog) should be shorted. 
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CX2022A-1/-2 SONY, 


Comparative Description of the System 
CX20220A-1/-2 is based on a new series-parallel type. The following is a comparative explanation of 
the conventional and the new series-parallel types. 


Series-Parallel Type (Conventional) 
The series-parallel-type A/D converter is designed to accomplish A/D conversion in two steps, as 
shown in Fig. 1. With a 10-bit device, the level of the analog signal held in the sample hold (S/H) circuit is 


converted into a first set of parallel 5-bit digital output. This digital output is at the same time converted 


back into an analog signal, corresponding to the upper 5 bits. The difference between this signal and the 
level held at input is converted into digital signals in the parallel 5-bit A/D converter at the next stage, re- 
sulting in digital output for the lower 5 bits. 

The number of comparators required for this system is (25— 1) X 2 = 62 pcs., bringing about a 
dramatic reduction in circuit size as compared to the 10-bit parallel type. However, since it does A/D con- 
version twice, once for the upper level and then again for the lower level, it takes longer conversion time, 
and also requires an S/H circuit to hold the input analog signal so that its level does not change when the 
lower 5 bits are being converted, in addition both the 5-bit D/A converter and the subtractor, shown in 
Fig. 1, are required to possess a 10-bit equivalent accuracy. 


New Series-Parallel Type 

Essentially the new series-parallel-type A/D converter aims to reduce the number of comparators by 
doing A/D conversion twice, once for the upper bits and again for the lower bits, as in the case of the con- 
ventional series-parallel type. The distinguishing feature of this system, however, is that it does not require 
the D/A converter and the subtractor as shown in Fig. 2. Simply speaking this system is designed so that 
the input level held in the S/H circuit is first A/D converted for the upper 5 bits, and upon receipt of con- 
trol signal from the upper level encoder, the lower level A/D converter is operated. 

To simplify the operating principle of this system, Fig. 3 shows an example which consists of an upper 
2 bits and lower 2 bits, a total of 4 bits. The upper and lower level circuits each consist of three compara- 
tors, switch trains $1 through S4, a single 16-segmented resistor, and an encoder. 

Input level VIN held by the S/H circuit is determined by the upper level comparator to be at a level of 
VREF.T to Vi, Vito Vi to V2, V2 to V3, or V3 to VREF.B. The result of judgement is converted into upper 
2-bit digital output through the upper level encoder. At the same time, one of the switch trains S1 to S4 
is turned on, according to the level of VIN. As it switches on, reference voltage is supplied to the lower 
level comparator, and elaborate comparative judgement is made at the interval of (VREF/4), resulting in 
output of the lower 2 bits from the lower level encoder. 

Since this system uses the same resistor strings in common for the upper and lower levels, simplicity is 
maintained. Furthermore, since this system requires fewer comparators, input bias current for the compara- 
tors is reduced accordingly. 


— 172 - 


CX2022A-1/-2 SONY, 


Subtractor 


Analog input 
signal 


Lower 5-bit 
parallel A/D 
Upper level Lower level 

encoder encoder 


Upper 5-bit Lower 5-bit 
digital output digital output 









Fig. 1 Configuration of Series-Parallel 10-Bit A/D Converter 




















Analog input 
signal 


Upper 5-bit 
parallel A/D 












Upper 5-bit 
parallel A/D 
CTL signal 
encoder encoder 


Upper 5-bit Lower 5-bit 
digital output digital output 





r 
I 
I 
| 
| 
I 


| 
—| 


Fig. 2 Configuration of the New Series-Parallel 10-Bit A/D Converter 





Reference voltage VREF.T | Analoginput Vj, 
9 R¢ Upper 2-bit comparator 


Resistor 


h 
® 
ae] 
° 
cs) 
Cc 
@ 
a 
i 
N 
ee 
® 
a 
Q 
=) 


Upper 2-bit 
digital output 


Lower 2-bit 
digital output 
Lower 2-bit encoder 





Fig. 3 Operating Principle of the New Series-Parallel Type (Ex.: 4-bit device) 
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008P/1009P 
High-speed Sample and Hold Amplifier | ag a 


Description Package Outline Unit) mm 

CXA1008P/1009P are bipolar IC’s developed : | 
for the purpose of sample holding video signals 24 Pin DIP 
and other signals at high-speed. 





Features 
eMaximum sampling frequency 
CXA1008P 35 MHz 
CXA1009P 18 MHz © 
eLinearity | 0.08% (Typ.) 
«Clock input level ECL compatible 
eLow power consumption 
CXA1008P 680 mW (Typ.) 
CXA1009P 420 mW (Typ.) 
Structure 


eMonolithic silicon bipolar IC. 


Applications 


eA/D converter and other analog signal processing | DIP-24P-01 
eOther general applications. 


Function 


High-speed hold circuit, wide band 6 dB 
amplifier, A/D reference power supply, A/D clock 
Output circuit. | 


Absolute Maximum Ratings (Ta = 25°C) 


eSupply voitage Vcc +55 V 

VEE —6.0 V 
Operating temperature Topr —20to +75 °C 
eStorage temperature Tstg —55 to +150 °C 
eAllowable power dissipation Pp 1.2 W 


Recommended Operating Conditions 


eSupply voltage Voc + 4.75 to 5.25V 
Vee —4.75 to —5.45V 


={742 





©XA1008P/1009P | 7 } SONY. 


Block Diagram 


Hold 
capacitor 
S/H input (13) (12) AGND 
6 dB AMP output S/H output 
AVcc (10) AVcc 
AGND AVEE 
6 dB AMP input e) DGND 
AVEE (18) Switch I CLK output 
control 
Circuit 
Offset adjust (19 (6) CLK output 
DVcc (20) AVEE 





Fig. 1 
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CXA1008P/ 1009P | SONY, 


Terminal Function and Equivalent Circuits 


DVcc 
—2V ref reference voltage input 
input (2) for A/D converter 
AVeEE 
Pulldown terminal for 
external R (300 typically) 
—2V ref | reference voltage output 
output for A/D converter 


CLK output CLK output for A/D 
converter 


CLK output CLK output for A/D 
converter 








Digital GND 


Analog Vcc (+ 5V) 
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CXA1008P/1009P SONY. 


S/H output 


Analog GND 





S/H input 


Olutput terminal of 6dB 
amplifier 


Analog Vcc (+ 5V) 


Analog GND 








ape 


CXA1008P/1009P 


=i oak 
oo “N 


aah, 


Symbol 


6dB AMP 
input 


AVee 


offset 
adjust 


DVcc 


CLK ref 


CLK input 


CLK input 





SONY. 


6dB AMP input 


Analog Vee (—5V) 






6dB AMP DC offset 
adjust terminal 








Digital Voc (+5V) 





CLK reference output 










CLK input 


Note: connect to @}) 
PIN or input ECL CLK 
signal 




















CLK input 


(Rove input ECL 
CLK signal 





Digital GND 
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CXA1008P/1009P SONY. 


CXA1008P 
Electrical Characteristics 


S/H section (see Fig. 3) (Ta= 25°C, Vec= +5V, Vee= —5V) 
Item Condition Symbol Typ. 


VIH 
Digital input voltage 


CLK Reference voltage (pin 21) VCLK REF| —1.3 


Analog input voltage range AV < 1.2V * 1 


< 
= 


=< 
@ 
© 
7) 
@ 


4] 4 
2] 


Output voltage range 


Power Supply without —2V ref. leet 
with —2V ref. Ru. = 502 +*2 
Input bias current -2V < Vin < 2V 


Output impedance 


Voltage gain ratio 
Full power bandwidth Vin = 2Vp-p (— 3dB) 
Power supply rejection ratio SVRs 


Hold mode feed through fin = 4MHz H 
Vin=1 Vp-p, CLK open 





Clock leak Vin = OV CLLeak 


- 
3 lS Sd al ee) eh ae ee ee tS 
< >i Pi>i >} = 


z/2\al\o + 
2) es 
= =a 2 


Oo 
=) 
oo 


als & 
nN ro 
3 
< 
—, 
4 
oD 


= 


Linearity fin = 19.53kHz (10/512MHz) Lin 
fork =10MHzZ2 *3 


Hold mode droop input voltage range, 0 to —2V 
Acquisition time AV = 1.2V 
see the TIMING CHART 


fouk = 5MHz 


Settling time 

DC offset voltage Voffset 
Maximum sampling frequency fCLKH 
Minimum sampling frequency fCLKL 


Vin = NTSC 
40 IRE mode ramp. 


Differential gain (D.G.) 


fork = 20MHz 


Differential phase (D.P.) 


H 
ah 
or 
=| = 17 
© © (o>) 
© 
HEBEE 





(Rui = 500. see Fig. 3) 
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~ CXA1008P/1009P | SONY. 


CXA1009P 


Electrical Characteristics 
S/H section (see Fig. 3) (Ta= 25°C, Vcc= + 5V, Vee = —5V) 


st | win | p.[ Ma | Ui 
ViH 
Vit 














V 





Digital input voltage 






CLK Reference voltage (pin 21) 







Analog input voltage range 





Output voltage range 


rta dk 
a [¢) to 
es | 
—_ 
or od an 






Power supply without —2V ref. 


with —2V ref. Rii = 502 *2 


Input bias current 
Voltage gain ratio Bd vs 
Full power bandwidth 
Power supply rejection ratio pL SRS 





~J 
ae 






fin= 4MHz — HMTH 


Vin=1 Vp-p, CLK open 


Hold mode feed through 









Clock leak 


= 


—_ 
3 








& 


fin = 19.53kHz (10/512MHz) 
foLK=10MHzZ *3 


Acquisition time 
DC offset voltage 
Maximum sampling frequency p MHZ | out 
Minimum sampling frequency PY Foca | 


Linearity 







10 | mV/us 


© 
ro) 
co 












ae Ht fo) = 
oO oS 7 >) 
rans oO pare 


He 
—_ 
on 





Differential gain (D.G.) Vin = NTSC | 0G 
40 IRE more ramp 
Differential phase (D.P.) foLK = 15MHz | DP 
*1 AV is voltage change during one sampling period. ov 


*2 Power consumption is Icc x 5V + lee: x 5V + 40MA x 1.8V. 
*3 Input voltage waveform 


~2.0V 51.248 


Fig. 2 
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CXA1008P/1009P | SONY. 


6dB amp section (see Fig. 3) 


tem Teena [ mba! Fa 
Intput voltage range <wes ae 


Input bias current 
Output impedance 
Voltage gain 


Power supply rejection ratio 


*3 2ndary harmonic: —40dB fin = 3.58MHz 
*4 fin = 3.58MHz Vin = 1Vp-p 





CLK OUT section (see Fig. 3) 


ve CXA1008P 
Condition ieee ZI. eel 
| Min. | 





Voltage gain ratio 


—3V < Vin 
Input bias current IBias R 
< OV 


Output impedance P| Zon 
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CXA1008P/1009P SONY. 


Electrical Characteristics Measuring Circuit 


__ Vin 6dB AMP 
CLK VcuKREF ~) output 
input output I ? 
+5V -5V +5V 
° "Ss 
swt 
0.1 pF 


56 Tso se 75 i | 
(24 uel Lu 07) 5) 1) 0) 


ne 


g LT S| Te] 


ale 


Ru 






30 50 22 
60PF 
-SV -2Vv aay -3Vv aay +5V 4, 
10PF Riz Rue 10PF 
AL 15 SK i 
*5 SW1 1. Voffset, CLLEAK -5v ~$V 
2. Others b 4 4 

CLK CLK S/H output 

output output 

Fig. 3 







Timing Chart 
GLEE 9 shee eee ose 


CLK input 


Sample hold output 


lav<iav 
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CXA1008P/ 1009P 


Description of Functions 


CXA1008P/1009P are the monolithic ICs incor- 
porating a high-speed sample hold circuit, a 
wide band 6 dB amp, reference power supply for 
A/D converter, and a clock output section, and 
operate up to a sampling frequency of 35/18 
MHz. 

CXA1008P/1009P can compose in 20/15 MS/s 
A/D converter system in combination with a 
CX20052A. CXA1008P/1009P form, with the input 
of a single phase or 2-phase ECL clock input, a 
new sampling signal. For this reason, the sam- 
pling period remain unchanged even when the 
frequency or duty of the input sampling CLK 
signal changes. 


Wide band 6 dB AMP. 


In-phase amp with a band width over 45/15 MHz 
amplifies ordinary TV signal (1Vp-p) to a 2Vp-p 
signal which gives the highest accuracy when 
processed in CX20052A. 


SONY. 


eCLK output section 


When used in combination with an A/D converter 
such as CX20052A, the CLK timing between the 
S/H circuit and the A/D converter needs to be: 
adjusted, and up to 20/15 MHz, CXA1008P/1009P 
generate CLK timing signals for driving the A/D 
converter, and output 2-phase CLK at 300 mVp-p 
from pins 6 and 7. With this output, no separate CLK 
is required to combine with an A/D converter. 


°CXA1008P/ 1009P incorporate a buffer amp to pro- 
vide a reference voltage for the A/D converter. 
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CXA1008P/1009P SON Y. 


Application Circuit 


H: 
fe) 
+ 








14 O+-0O -5V 


. x3 
db: msaer| 


i 
Oa 
< 


i 





wet [oe] 
es: oe ese © | Digital 
VINO O al ae output 
+5V 375 O ) eo (ECL) 





AMP -8Vo 
ede VR10.1u 











CXA1008P/1009P 


offset () Ds LSB @& 
objust 2K 
+5Vo O om 
OM CLK 
-sv Sry) == 0 
i you | | 


50 
ae 
cn 
- 
6, 
ro) 
2 oO 
= LS 
Fl) 
RS 
> 
an 
x 
ee 
©) 
< ma 
7) 
KX Oo 


Vrer ADJ _sy 


Fig. 5 Connection of CXA 1008P/1008P with CX20052A (1) 
*1 Ris aringing preventing resistor. Select between 10 to 500 
*2 Pulldown R for Vret 
*3 Re = 4.3k0 
*4 Ry = 1kQ, VRe = 2k, Re = 2k 


Notes on Application 


1. Unless sufficiently stable power supply and GND voltage in the high-frequency range are used, 
the device characteristics deteriorates. For this reason, bring the power supply bypass 
capacitor as near to this IC as possible, and make the pattern to the power supply and to the 
earth terminal as wide as feasible. 

2. To reduce CLK leak, use waveforms similar to sine waves as far as possible, up to the CLK 
input. For satisfactory operation, a CLK input ampritude of around 300mV is enough. 

3. When the S/H input deviates over 1.2V during one sampling period, the output may contain 
errors. 
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CXA1008P/1009P 


Changes in Characteristics with Temperature 


Offset Voltage Between S/H Input & 


Output 


Hold Mode Droop Rate 





(AW) (0 .S2) yeSTIOA_(eL) TEST TOA. 





(0.S¢) HAWH/(®8L) YANH 


°C 


Ta-Ambient temperature 


°C 


Ta-Ambient temperature 


6dB AMP 2ndary Harmonic Level 





CLK Ref Voltage 


1Vpp) 


(3.58MHz, Vin 








(0.62) ?*0 /(#L) ?*a 


°C 


Ta-Ambient temperature 


Ta-Ambient temperature °C 
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CXA1016P/CXA1016K/CXA1016U 
CXA1056P/CXA1056K/CXA1056U 


8 bit 30/50 MHz Flash A/D Converter 





Description Package Outline Unit! mm 

CXA1016P/CXA1016K/CXA101 6UK/CXA1056P/ 
CXA1056K/CXA1056UK are 8 bit high-speed A/D 
converter ICs for various applications. They can be 
used widely for various purposes which require high- 
speed A/D conversions. 

CXA1016P/CXA1056P are assembled in the 
plastic DIP packages and CXA1016K/CXA1056K are 
in the ceramic lead-less chip carriers. 

CXA1016UK/CXA1O056UK are high reliability 
versions of CXA1016K/CXA1056K with extended 
temperature range (—55 to +125°C) and bias burn- 
in (72 hours at 125°C). 


CXA1016P/CXA1056P 28 Pin DIP 


Features (CXA1016P/CXA1016K/CXA1016UK) 





e Resolution 8 bits + 1/2 LSB 
e High-speed operation Maximum conversion 
Rate 30 MS/s | cee 
e Wide analog input bandwidth 15 MHz (—3 dB) 
- Low input capacitance 35 pF (typ) SAR Ln aaa 44 Pin contact chipcarrier 
e Low power consumption 420 mW (typ) 


Features (CXA1056P/CXA1056K/CXA1056UK) 

e Resolution 8 bits + 1/2 LSB 

e High-speed operation Maximum conversion 
Rate 50 MS/s 

e Wide analog input bandwidth 25 MHz (—3 dB) 

e Low input capacitance 35 pF (typ) 

e Low power consumption 550 mW (typ) 





JEDEC TYPE C 
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Absolute Maximum Ratings (Ta=25°C) 


e Supply voltage VEE 0 to —7 V 
e Analog input voltage VIN 0.5 to VEE V 
e Reference input voltage Vert, Vere, VRM 0.5 to VEE V 
| Vat-VReB | 2.5 V 
e Digital input voltage CLK, CLK, MINV, LINV 0.5 to —4 V 
e VRM pin input current IvAM —3 to +3 mA 
e Digital output current IDo to 1D7 0 to —10 mA 
e Operating temperature Ta —20 to +100 °C (CXA1016P/CXA1056P) 
Tc —25 to +125 °C (CXA1016K/CXA1056K)"! 
Tc —55 to +125 °C 
(CXA1016UK/CXA1056UK)"! 
« Storage temperature Tstg —55 to +150 °C 
e Allowable power dissipation Pp 1.48 W (CXA1016P/CXA1056P) 
1.08 W (CXA1016K/CXA1016UK/ 


CXA1056K/CXA1056UK) 


*1 Heat sinking is required above 100°C (CXA1016K/CXA1016UK)/86°C (CXA1056K/CXA1056UK). 


Recommended Operating Conditions (CXA1016P/CXA1016K/CXA1016UK) 
Min. = Typ. Max. Unit 





e Supply voltage AVee, DVEE ==5:7' 5.2. °==5.0 V 
AVee-DVEE —0.05 O 0.05 V 
AGND-DGND ~-—0.05 0O 0.05 V 

e Reference input voltage VRT —0.1 O 0.1 V 
VRB S222. eZ —1.8 V 

e Analog input voltage VIN VRB VAT 

e Clock pulse width Tpw1 25 ns 
Tpw0 8 ns 


Recommended Operating Conditions (CXA1056P/CXA1056K/CXA1056UK) 
Min. Typ. Max. Unit 


e Supply voltage AVee, DVEE =) -/ ado 1 —5.0 V 
AVee— DVEE —0.05 0 0.05 V 
AGND—DGND —0.05 0 0.05 V 

e Reference input voltage VRT —0.1 6) 0.1 V 
VRB 22 mag —1.8 V 

« Analog input voltage VIN VRB VAT 

e Clock pulse width Tpwi 15 ns 
TpwO 5 ns 
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CXA1016P/CXA1016K/CXA1016UK/CXA1 O56P/CXA1056K/CXA1056UK SON Yo 





Pin Configuration (Top View) 


The pin numbers without indication are empty pins. (not connected) CXA1016P/CXA1056P 





CXA1016K/CXA1016UK/ 
CXA1056K/CXA1056UK 


AVEE AVEE 
AVEE AVEE 
VRT VRB 
AVEE 

CLK 

CLK 
LINV MINV 
DVEE DVEE 
DGND DGND 


DGND 
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Block Diagram 





VIN 
VAT ° 
° D7 
ae 0 DE 
og e 
joa o Ww 
uw Ww 
ia) ran) iL ‘ 
’ oie re) pa 
RM ° SS) oO ca 
are 2 kK 
Ww Lu e 
Er kK = 
aa) rea] 
o fe) ) > 3 is 
e@ 
° DO 
VRB 





CLK 9 
CLK ° : 


MINV ~ LINV 


Pin Description 
AVEE Analog Vee, —5.2V (typ). Coupled with —69 between DVEE. 

Input pin for output polarity inversion of Do (LSB)—De. (See the code table) 

Digital Vee, —5.2V (typ). 


Digital GND, which is separated from the Analog GND. 
Digital data output pin, ECL level. Do: LSB-—D7: MSB. 
Pull-down resistors are necessary. externally. 
Inverse clock input pin, ECL level. 





Function 












































Input pin for output polarity inversion of D7 (MSB) (See the code table). ECL level. ‘’0” 
level is held when it is released. 

















AGND Analog GND | 
VIN Analog input, input range is VrtT— VRB 
) Vem Middle point of the reference voltage, it can be used as a linearity correction pin. 
Var 






Empty pins (not connected), 2 and 19 are used to be grounded to DGND, the others are 
used to be grounded to AGND. 
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Output Coding 7 


1: Vin, VoH 
O: Vit, Vor 





Electrical Characteristics (CXA1016P/CXA1016K/CXA1016UK) 


(Ta=25°C, Vee=—5.2V, Vat=OV, Vas=—2V) 


. |S 
ar (Ver Vag 


V 
Offset Voltage 
sess VIH 
Digital Input Voltage 
VIL 
er ViH=—0.9V 
Digital Input Current 
lit Vit=—1.75V 
iar VOH 
Digital Output Voltage R@=6200. — Vee 
VoL 


Output Data Delay Td R@=620N — VeE 


Fc=30 MS/s, 
Vin=0 to —2V, 


Non-linearity Error 
fin=1 kHz, ramp 
Fc=30 MS/s, 


Differential Non-linearity 
Error 1/16 LSB step ramp 


Differential Gain DG NTSC 40 IRE mod. 
Differential Phase ramp, Fc=30 MS/s 





< 
xo) 





S/s 


Vin=—1V+0.07 Vrms 
VIN=—1V 


e) 











im ° 

o1 N 
</</2/2/</</3/2l/ole/3/2| & (§ 

>| > <|< nm | > = 
















rr 
DN 
wo 


; xj 
| : 
on oi 











ise : = 
J th 
> > 


Qa 
@ 
Ke) 
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Electrical Characteristics eNOS Ree nee wee 


=25°C, VeeE=—5.2V, Vat=OV, VrB=—2V) 


Maximum Conversion Rate 


Vin=0 to —2V, 
Supply Current 


fin=1 kHz, ramp | 
Analog Input Capacitance 
Analog Input Bias Current 


Vin=—1V+0.07 Vrms 
—— (Var - Vee) 


Offset Voltage 


a ara muptevaice: a 


Digital Input Current 


Digital Output Voltage 


Output Data Delay 


Non-linearity Error 


Differential Non-linearity 
Error 


Differential Gain NTSC 40 IRE mod. 
Differential Phase ramp, Fc=50 MS/s 
Paverwre ster | 












NO 
© 


Oo _ = aS 
J _ 


Vi=—1.75V 


R@=620N - Vee 


R@=620N — VeE 


Fc=50 MS/s, 
Vin=0 to —2V, 
fin=1 kHz, ramp 


Fc=30 MS/s, 
1/16 LSB step ramp 


o) 
w 
ol 


a oe 
3/3 313 3 












LSB 






=, 
= 
— 
nae 
= 
im 
as 
= 
eT 
rT 
008 
10 
mae 
a 
= 
san 
es 


| 
Ww — my, 
Oo ae 5) 
oi 


| I 
ry oD 





- 
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Electrical Characteristics Measuring Circuit 
Maximum Conversion Frequency Measuring Circuit 
Non-linearity Measuring Circuit 

Differential Gain Error Measuring Circuit 
Differential Phase Error Measuring Circuit 


Ims 
<.__—____-—_» 


OV 






Func 
Generator 






(CX20202) 










NTSC 
Signal 
Source 


















Oscillo 
Scope 


Vector 
Scope 






SG (CW) 





Non-linearity 
Maximum Conversion Rate 






OSC 
(30/35 MHz) 









Control! GO/NG 








NG: 


{ >24 
<8 







Comparator 





— 192 — 
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Power Supply Current Measuring Circuit 
Analog Input Bias Current Measuring Circuit 


CXA1016P/ = 


CXA1056P ie 





-5.2V 


Aperture Jitter Measuring Circuit 












Logic 
Analizer 










1024 
samples 





ECL 
Buffer 
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Description of Function (See the block diagram and timing chart.) 


1. 


The reference voltage, which is obtained by dividing equally the voltage across VrT to Vrs into 
256 by the reference resistor ledder, is applied to the respective @ (positive) input sides of 
256 clocked comparators. An analog input is applied to the © (negative) input sides of all the 
256 clocked comparators from the Vin pin. 


When the state of CLK is in Low, the master (front stage) of the comparator compares the 
respective reference voltage and the analog input voltage which is ever-changing. 


When the CLK moves from Low into Hi, each master latches the state immediately prior to the 
above simultaneously, and as a result, it provides conditions of “11 ....1100.. 0” in 
sequence from the Vrt side to the VrB side. 


The output of the master is ANDed between the respective adjacent outputs, and “1” stands 
only when neighboring 2 outputs become “10”, and the all other outputs become ‘’O”. 


The result of the AND is latched when CLK moves from Hi into Low. Output of the slave is 
divided into 4 blocks and each block has 32 clocked comparators, and they are coded into 
binary codes of 6 bits respectively by the transistor matrix circuit. 


The 6 bit codes are further coded into 8 bit codes by the transistor matrix circuit after they are 
respectively latched, and they are then output into the ECL level by the output buffer after being 
8 bit latched. The output data is delayed 1 clock from the data sampling point and appears at 
the output pin. 


. Two polarity inversion inputs such as MINV and LINV are fed externally to the output buffer, and 


each of them selects output polarity of MSB and other polarity than MSB respectively. 
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Timing Chart 


N 







Analog input VIN 


| 
Tpwt tof — Tpw0 
| 


Clock CLK --=—~ (paw ete on 


\V/ 
/\ 


\V 


Comparator output Master 


> 
i i 
< 
>< 
SS 
ae - 
| 
| 


X XXX 


Slave 


6 bit latch output 


8 bit latch output 


SZ 





Data output DO toD7 


Dots (¢) in the chart demote respective latch timings. 
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CXA1096P 
8 bit 20 MHz Flash A/D Converter Preliminary 
Description Package Outline Unit: mm 


CXA1096P is an 8 bit 20 MHz high speed A/D 
converter IC. This IC is suitable for applicated 
such as digital TV and graphic display. 


28 pin DIP 


Features : 
@ Resolution 8 bit +1/2 LSB 
e High speed operation 20MS/s 

e Wide band analog 8MHz (— 3dB) 


input 

@ Low input capacity 

e Low power 320mW (Typ.) 
consumption 

@ 1/0 level TTL 


@ Two ways of power supply 
(Single +5V or Dual +5V, —5.2V) 


. : DIP-28P-02 
Function i 
8 bit, 2OMS/s parallel A/D converter 





Structure 
Bipolar silicon monolithic IC 


Application 
© Digital TV 
@ High speed signal processing 


Absolute Maximum Ratings (Ta = 25°C) 


@ Supply voltage Vcc—GND Oto +6 V 
VEE— GND Oto —6 V 
@ Input voltage VIN 
(analog) (+5V single power supply) —0.5 to Vcc V 
(dual power supply) 0.5 to VEE V 
@ Input voltage VRT, VRB, VRM V 
(reference) (+5 single power supply) —0.5 to Vcc 
(dual power supply) 0.5 to VEE V 
VRT — VRB 625 V 
e Operating temperature Topr —20to 75 °C 
e Storage temperature Tstg — 55 to 150 a 
- Recommended Operating Conditions 
e Supply voltage Vcc 4.75 to 5.25 V 
VEE —5.5 to —4.75 V 
e Reference input VRT AGND —0.1 to AGND +0.1 V 
VRB AGND —2.2to AGND —1.8 V 
@ Analog input VIN VRB to VRT 
e Clock pulse width TPW1 30 ns 
@ Clock pulse width TPWO 10 ns 
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0 
Qa 
e 


Output Buffer TTL «— ECL 





Latch 


12 
OO 
LINV 


28 
MINV 


8 Bit Encoder 


6 Bit Encoder 





Latch 
a a ee ee eS ee ee 
{ 
| 
O e 
| & ee eee a 
| 5 
| & _ 
| ge LN 78S 
o /\ 
o | O33 | 
= = 
a= = tt in ia it ee Oe ae 7 
¥o— 444 __4__j 4 
5 . - 2 + « Pi : lhe 
S 2.0 0 nd -~ 
ra = = fra = 
iy > g > © 
is) 
Oo 
cO 
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CXA1096P SONY. 





Output coding 





AGND—2V 

1: Vit, VOH 

O: Vit, VoL 

Electrical Characteristics (Vcc= +5V, DGND = OV, AGND = -+5V, VEE = OV, 
(Single power supply) VAT = +5V, VRB = +3V, Ta = 25°C) 





ee 
Ce 
[roam ip tea | 
ee 
Poaicaroavncres | tw 


Reference resistance rate (VRT to VRB) Bi a 
Off set voltage 



















Digital input voltage 


Digital input current 


Digital output voltage 


Output data delay 






Fc = 20 MS/s ao LSB 
Fc = 20 MS/s, 


NTSC 40 IRE mod. 
ramp, 
Fc = 14.3MS/s 


Aperture jitter 
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Electrical Characteristics (Vcc= +5V, DGND = OV, AGND = OV, VEE = —S5V, 
(Dual power supply) VRT = OV, VRB = —2V, Ta = 25°C) 


Maximum conversion frequency 
C 






Unit 


= 
5} 


-| 






fin = 1 kHz, ramp MS/s 





3 
> 


> 


o1 
oO 














Reference pin current 


‘ ‘ VIN = -—1V 
Analog input capacity + 0.07 Vrms 


Reference resistance rate (VrT to Vrs) a va - aa 


3 
> 


on 


p 


= 
> 


1 


io) 


VRT 






=| 
< 





—_ 
WwW 






Off set voltage 








Digital input voltage 


> 


B 
Digital input current 


—0.3 


3 
> 


AS _ 
oO eo) 





N N 
oO | w 


NO 


Digital output voltage 








Output data delay 


Differential non linearity Fc = 20 MS/s, 
Differential gain error — NTSC 40 IRE mod. 





§|\¢§ 
212 
~ 


Ww 


+1/2 LSB 


1/2 LSB 







Fc = 14.3MS/s 


Aperture jitter 


xs 
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CXA1096P 


Application Circuit 
(Single power supply) 


(MSB) 
5 


7 


De O 
Ds O 


D40O 


(TTL level) 
LINV 


D3 O 


(LSB) 
Do O 


SONY. 





O +5V O +5V 


MINV 
e 


O +3V 


Vin _ Analog input 
Y +5 to +3V 


CLK (TTL level) 
O 





D1 
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(Dual power supply) 


+5V 





(MSB) MINV 
7 Q C) 
De O 
Ds O O —2V 
D4aO 
V 
= © Analog input 
Oto —2V 
(TTL level) 
LINV 
O 
CLK (TTL level) 
O 
D3 0 
D20 
Di0Q 
(LSB) 
oO 





O 
—5V 
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Timing chart | 


Analog input N A 


VIN y N+2 
C ) 
Clock 
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8 bit 35 MHz High-speed D/A Converter 


Description Package Outline 
24 pin DIP slim 


CXA1106P is an 8 bit 35 MHz high speed D/A 
converter IC. This IC is suitable for application 
such as digital TV and graphic display. 


Features 

e Resolution 8 bit 

e High speed operation 35MSPS (max. conversion speed) 
e Non linear error less than +1/2LSB 


e TTL compatible input 

e +5 V single power supply or +5V power supply 

e Low power consumption  +5V single power supply 
=—-5V dual power supply 


Absolute Maximum Ratings 


e Supply voitage Vcc 6 
VEE —6 


Recommended Operating Range 


e Supply voltage Vcc 4.75 to 5.25 
VEE —5.5 to —4.75 


20s 





200 mW (Typ.) 
400 mW (Typ.) 


<< 


<< 


SONY. CXA1106P 


Preliminary 


Unit: mm 


DIP-24P-01 





CXA1106P SON Y, 


Block Diagram 


D-GND2 (5) ) 
VEE 
. On : 


A-out 
Analog output 


Digital data input 


Current switch 


FRAP (3)) A-GND2 


ATT] 


(2) A-GND : 


Internal 
reference’ 
voltage 





Oe (eq) ) 


CLK D-GND;: Vset VRef 


Pin Configuration (Top View) 
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CXA1106P SONY. 


Electrical Characteristics 
Single power supply (Vcc = DGND2 = AGND = +5V, DGND: = VEE = OV) 


[eroncminown | weve || 
a 
Frasomommavetee | ve [| 
Pieminsnwsormne [oe [| 
a 
a 











Integral linear error 


internal reference voltage VRef Fo. 


Dual power supply (Vcc = +5V, DGND: = D-GND2 = A-GND = OV, VEE = —5V) 


Current consumption (Vcc) peo 
Current consumption (VEE) end 





Output impedance 


Full scale output 





Maximum conversion frequency pte 
Differential linear error | DLE 
Integral liner error [ee 


Internal reference voltage 
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I/O Table (Full scale output voltage 1.0V) 


Vec — 0.5V 


> 
Qa. 
Q. 
] 
” 
eo 
@® 
3 
oO 
a 
® 
o 
i= 
” 


Vec — 1.0V 


Dual power supply 
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Application Circuit 


Single power supply 


©) LPF ae 


Analog output 


10, 12, DATA 
O D-Vec 4615 20 (TTL level) 


CLK 
(TTL level) 





CXA1106P 


Dual power supply 





©) LPF . <t 


Analog output 


5V 
ss DATA 


(TTL level) 


CLK 
R* : Matching resistance for LPF (TTL level) 





A-GND D-GND- A-Vcc D-Vcc VEE 


d z 4 CXA1106P 
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8 bit 20 MHz A/D Converter Module 


Description Package Outline 
- BX-1300 is an 8-bit A/D converter Module for 
video signal processing, in which CX20052A 
(8-bit serial-parallel type high-speed A/D converter 
IC) and necessary peripheral circuits are com- 
bined. It can be operated only by connecting a 
clock pulse circuit and the power supply. 

Its digital output is 8-bit parallel output at TTL 
level. 


Features 

e Offset adjustment available. Built-in buffer 
amplifier 

e Clock input and digital output at TTL level 


e Operation possible only by connecting a clock 
pulse circuit and the power supply 





Structure © 

Hybrid IC 

Functions 

e Resolution 8 bit+1/2 LSB 
e Maximum conversion rate 20 MHz (MIN) 
e Analog input level 1 Vp-p 

e Digital output level TTL level 


Absolute Maximum Ratings (Ta = 25°C) 


e Supply voltage Vcc +5.5 V 
| VEE —5.5 © V 
e Operating temperature Topr —10to +65 °C 
e Storage temperature Tstg —20 to +80 °¢ 
Recommended Operating Conditions 
e Supply voltage Vcc +5.0 +0.25 V 
VEE —5.0 +0.25 V 
e Clock input voltage VCLK at TTL level 7 
e Input signal voltage VIN 1 — Vp-p 
e Reference voltage VREF —2 V 
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Block Diagram 


AVcc 













DVcc 
Voff check (2) D1 
Vref check (3) % D2 
VIN 5 fe — a D3 
© Po oc me B a 
volf R © Ss oe < D4 
S < OO is i” 

AGND (7) < 0 a m & D6 
Vref Ri 2 D7 
Vref Re D8 
Vref R; DGND 

AVere CLK 

~DVEE 


Pin Description 











ae 
Sa a 
[2 [wt [omc fax cei 
a 
a Voff R Offset VR pin (2k) 
ce 
o— hoff 
Pa fo 
ef mite 
wf ac 
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BX-1300_. SONY. 


Electrical Characteristics Ta = 25°C, Vcc = 5V, VEE = —5 V 


ed 
a 
Tonewnsion | ee | |e | | 
Tonwenainmee | or | os | 
-Mesrmconaenee [umm |) 
a 
om ei 

0 | on 

aE ee 










Current consumption 


Variable range of input offset”) ae ee 


Digital output voltage VoD: at TTL level 





Measurement conditions | 
1) VIN: —0.3 to +0.7 Vramp _ f: 1 kHz CLK: 20 MHz 
2), 3) VIN: NTSC 40IRE mode ramp CLK: 20 MHz 


*) Input amplitude 1 Vp-p max. See Fig. 1. 


7 0.8V 
Af 1Vp-p MAX 


1Vp-p MAX 
pommrmeceamat oat! We A 


Fig. 1 Variable Range of Input Offset 
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Timing Chart 


Ton Ten. 











CLK IN 
&. le 
ample Sample 
N+] 
zs N+2 
Sample | 
Vix N 


High : Data Output 


Low : Data Output 





Data delay 


Note) Set clock duty at the optimum point as long as the above conditions are satisfied. 
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Measuring Circuit 


Bx-1300 
—0.3 to +0.7V : DVce 
ramp AVcc (1) G0) 

— a puree Ad 
vu re: ae | 
O41 ° foi || 

7 | 
ee 1 ot 





74LS04 


CLK(TTL Level) 
20MHz 





[: Digital GND 


ui : Analog GND 


OO0€1-xX 


HA2540 


MB40778 10p 


DVcc 13k 


HOOKS) 
do 
an > 
< 
° 
O 
oS 
< 
) 
O 
‘4 


g : O) Vout 
1k 


HVE iz CT 1 LS B50mV 
+12V 
C) O.lu 
20k 
vy, y, 5k 
—12V 
2k 
; 
3 4 
—12V 
LF356 
TP1 : Voffset —2 to0V 


TP2: Vreference —2?V 


‘ANOS 


ue (oem 


Equipment Circuit 


Ora en se 
+l ci6 
: Scot 
i C17 
| 3.34 

AVEE 





AVcc 


C2 
C3 
DVcc 
C4 C5 
i . 
R2 
R4 
10k C6 BIN 
(TTL) R3 3k 
R6 3k 
AVcc 
R7 1.2k 
(4) AVEE 


thr: Analog GND 


4: Digital GND 


No marked C:0.1luF 


(2) Voff Check (~2t0 OV) 
() 


AVcc 
AVEE 


AVEE 


Cle 


G) Vref Check 


C=2¥) 






[C2 
A/D CONV. 


IC1 : CXA1008P 

IC2 : CX20052A 

IG3,. 1¢4:7 HDI0125 

C16, C17, C18, C19: tantalum condenser 3.3uF, 
Other C : Y5V characteristics, 734, O.luF, 25V 


R: All chip resistor 


16V 








(MSB) 


) 


eQ @ © © 


CTE.) id ano peysiq 


38) ©) © 


— 


OOEL-xd 


“ANOS 


BX-1300 SONY, 


Adjusting Method | 
(1) Voff check : Terminal for checking offset voltage. 


Adjust the variable resistor connected to the Voff R terminal so that Sample Hold output falls within 
the input voltage range (0 to —2 V) of the A/D converter. 


(2) Vref check : Terminal for adjusting reference voltage of A/D converter. 


Adjust the reference variable resistor (5600 ©) so that the reference voltage (Vref check) of the A/D 
converter becomes —2 V. 


Output Data Format 


Input to the A/D converter (output from the Sample Hold) is quantized into an 8-bit format within the 
range of reference voltage (GND to Vref check). 


| Step | A/D input signal voltage (Voff check) Digital Output code 


0. 0O000V 
0000V 


Oo OV 10000000 

0039V OE ie ee 

Ae 80: 0 OAL 00000000 

under 2. OO ¥ 0000000 0 





Notes on Applications 


(1) Output data is regulated by the trailing edge of the CLK input. Adjust latch timing referring to the 
timing chart. 

(2) Sufficient accuracy may not be achieved for output waveform if fluctuation above 0.6 V occurs in 
analog input (VIN) during one sample period. 


29142 


Package Outline 


(BOTTOM VIEW) 


35.56+0.3 


in 
io) 
+ 
~ 
+ 


2.5414 


(2.46) 








Square pin 0.3 0.5 


/ Spacer @2.0 


\ (i 










Unit: mm 
Note 1) 
Recommended hold diameter for board mounting is #1. 
Note 2) 


Pins 1, 15, 16 and 30 come with spacers, and others are 
square pins only. 


(TOP VIEW) 

Pattern Layout i, = 7 
Jo ° | 
le a | 
| ° o | 
lo ° | 
| 3 | 
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3) Digital Signal Processors . 








Type 


CX-7997 10 X 10bit 15MHz Multiplier/Adder 


oo 
i i 295 






| CXD1018G Degital Signal Processing Multipler 2 
CXK1201P Double Scan Converter (P) 
CXK1202S Digital Delay Line 


(P) : Preliminary 
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SONY. CX-7997 


10 X 10 bit 15 MHz Multiplier/Adder 


Description Package outline Unit: mm 
Sony CX-7997 is a CMOS 10 xX 10 +16 

parallel multiplier/adder characterized by high 64 pin PGA (Ceramic) 

speed, high performance, and low power 

consumption. It has the following functions: INDEX AREA 

1) Multiplication D-AXB 

2) Addition D+ BA*+C 

3) Multiplication-Addition 

D-AXB+C 
4) Delay Function D —A, B, BA, C 


Features 
® Single power supply 5.0 V 
@ Low power 300 mW (typ.) 
consumption 
(At 14.4 MHz clock) 
® Operating Modes 16 
@ Delay control function 
@ TTL compatible for both inputs & outputs 
®@ Word length (2’s complement) 


x< 
<x 
= 
o 
“2 
Ye) 





Input A, B 10 bits 
BA, C 16 bits 
Output D 16 bits 
* A and B inputs are used as 16 bit data input. 
Absolute Maximum Ratings (Ta = 25°C) < 
© Supply : s 
voltage VbD 0.5 to +7.0 V = 
@ |/O voltage Vi/O —0.5 to Vod + 0.5 V 
@ Operating . 
temperature Topr Oto +70 Cc 
® Storage ° 
temperature Tstg —55 to +150 C 


Recommended Operating Condition 
@ Supply voltage VpD 4.75 to 5.25 V 
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CX-7997 


Block Diagram 





l 
| 
| 
| 
| 
' 
O RND 
l 
M2 ! 
| 
| 
CLK . 
| 
| 
| 
l 
M3 | 
Q M4 
| 
j 
| 
| 
C15-0 : 
O D15-0 


SEL 
oO) 
SEL 
= 

eS 


Notes) R__ : Register 
L  : Transparent Latch 
T : Triangular Delay 
SEL : Selector 
xX : Multiplier 
+ : Adder 
All possible combinations of the mode assign inputs M4 — MO are shown in Fig. 1. 
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CX-7997 SONY. 





Pin Connections (Top View) 
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= 
= 
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CX-7997 SON'Y. 





DC Characteristics 


Power Supply 


Output Voltage 
| Level 


(VoD = 5.0 V +5%, Topr = 0 to 70°C) 





[= [a+ 

Vit =Vss, Viq = Vppb 

rer | oreoame | 
Wu 











oO < 
p| & 
| 


input Voltage 
Level 


Input Leakage Vi=Oto Vop 
Current 


1/0 Capacitance 


Vop = VI=OV, 
=OV, 


— 
oO 


Vop = VI 
fm =1 MHz 


CouT 
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CX-7997 SONY. 


I/O Timing 
(VoD = 5.0 V +5%, Topr = 0 to 70°C) 


1 


Maximum Clock 
24 





fck 
Input Data Set UP AQ to AO, B9 to BO, 

Time C15 to CO 

Input Data Hold AQ to AO, BY to BO, 

Time C15 to CO 

Data Output from 

Data Output from 


Note 1) OCLK =CLK output load 30 pF 
2) OCLK =“H” output load 60 pF 









Clock 
(CLK) 


Input 
(A, B, C) 





Output 1 
(D) 

OCLK = CLK 
to TTL 





tpd1 


Output 2 
(D) 

OCLK = “H” 
to CX-7997 


tpd2 


The above timing chart defines tpd, tsu and thd for the clock (CLK). 
The actual input/output operations are performed with a throughput delay having the number of clocks as shown in 
the operation mode throughput delay (Fig. 7). 


Fig. 3 CX-7997 Timing Chart 
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CX-7997 SONY, 


Pin Functions 


(1) CLK (Clock Input Pin) 
Clock input is distributed to data input register, internal pipeline register, and delay register. Data are 
transferred at falling edge of CLK (“H” — “L”). 


(2) OCLK (Clock Input Pin) 
OCLK is enable signal to control data output latch. 
When OCLK = “L”, output data are latched. 
When OCLK = “H”, latch is in ‘through’ state. 
Data are sampled at falling edge of CLK, and they are transferred to the output pins. (See the I/O 
timing specification). 
When output data of CX-7997 are to an external device, transfer of data can be performed by setting 
OCLK from the external device. 


(i) When the external device fetches data with the falling edge of the clock, wire each connection 
as shown in Fig. 4. 








CX-7997 





CX-7997 


C15-0 


CLK OCLK 
f\ 


Clock 


Fig. 4 External Device Interface (1) 


(ii) When the external device fetches data at the rising edge of clock (i.e. 74LS374) wire each 
connection as shown in Fig. 5. 


CX-7997 





Clock 


Fig. 5 External Device Interface (2) 


24 





CX-7997 SON Y, 





(3) 


(4) 


(5) 


(6) 


(7) 


AQ to AO, B9 to BO (Data Input Pin) 

In multiplication-addition mode (M4 = ‘‘L”), A and B inputs are used as the 10 bit multiplier data input 
pins. (A9, B9 — MSB, AO, BO — LSB). 

In addition mode (M4 = “H”), A and B inputs are used as the 16 bit adder data input pins (BA) in the 
following configuration. 





ee eee ee oF 
SOOO NO OEOROG OGG 
M BA L 
Ss S 
B B 


Fig.6 “BA” Pin Configuration 


C15 to CO (Data Input Pins) 
Used as 16 bit adder data input pins in multiplication-addition mode and addition mode. 
(C15 — MSB, CO — LSB) 


D15 to DO (Data Output Pins) 
16 bit data output pins. 
(D15 — MSB, DO — LSB) 


M4 to MO (Mode Assign Inputs) 

Control signal inputs to assign the operating mode of the CX-7997 among the 16 possible functions. 
(Shown in Fig. 7). 

When mode assign inputs M4 to MO are switched, output D15 to DO becomes unstable for 18 clock 
cycle times maximum, so attention must be paid. 

Any mode cannot be utilized except for the assigned modes shown in Fig. 7. 


RND (Round Control Input) 
When RND = “L”, P4 to PO (2-14 to 2-18: See Fig. 3) of internal multiplier output are discarded. 
When RND = “H” (2-14) and internal multiplier output is added and P4 to PO are discarded. 
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CX-7997 


= 
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= 
© 
z 
Le) 
= 
z 
(oe) 


CX-7997 





10000 
—_ 
10100 
i 
[--©— # 
11000 
== 
[--O—H 


Pe 


SONY. 


Operation Mode Throughput Delay 


M4 Multiplication-Addition 
M3 
clock. 


A, B, BA inputs need bit delay. ** No delay is needed for A, B, BA inputs. 
C input needs bit delay. ** No delay is needed for C input. 
| Mo | D output has bit delay. ** D output has no bit delay. ** 


Number of Clock Delays 


Delay from A, B and BA inputs to Dyusp Bo Delay from C input to Diysp 
Delay from A, B and BA inputs to DLsp Bs Delay from C input to Disp 












Addition 


If M4=0, multiplication result is 
delayed by 2 clocks. 
If M4=1, BA input is delayed by 1 






No delay is added before adder. 















00101 


16|2 
1619 


=—ja 
end (22) 
Nh 





10001 10010 10011 


10101 10110 10111 
912 Y gig gig 
11001 11010 11011 
—— —— 
—— = —— 
312 319 39 


Note) When mode signal is changed for a maximum of 18 clock 
cycle times, the output is unstable. 


Fig. 7 Operating Mode, Throughput Delay 
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aaa 0 OY a 


Example of I/O Timing (When M4, M3, M2, M1, MO = 00100) 


CLK 
Naum (6 ss VO OO a 
13 14 15 16 17 18 


12 








2662-X9 


“ANOS 


CX-7997 | | | SONY, 





** Bit Delay — A clock delay among the input bits or output bits. 


Internal calculation is done for each 2 bit data starting from LSB. For example, Fig. 8 shows the I/O timing | 
of the mode (M4, M3, M2, M1, MO) = (0, O, 1, 0, 0). In this case, A and B inputs do not have a clock delay. 
However, C input must have a clock delay for each 2 bit data. Multiplication is done for each 2 bit data 
starting from LSB. Adder needs to adjust the timing between the output bits of the multiplier and C input 
bits. This is called pipeline method and CX-7997 can achieve high speed operation with clock rate, 14.4 
MHz using this technique. 


D output also has this “bit delay” among each 2 bit data at this mode. 

In Fig. 8, ti-1 represents the timing of 2 bit data which are supplied in A and B inputs at “O” clock timing. 

2 bit data from LSB of the multiplied data are added to C1, 0 at “7” clock timing; next 2 bit data are added 
to C3, 2 at “8” clock timing. 2 bit output data, D1, O are transferred to D output at “9” clock timing. In this 
way, the other data are calculated and are transferred to D output step by step. 


The “bit delay” at D output can be compensated by setting the mode (M4, M3, M2, M1, MO) = (00101). 


In this mode the triangular delay circuit designated T in Fig. 1, which is connected to MO, compensates the 
“bit delay”. 
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CX-7997 SONY. 


Internal Operation Word Length 


Fig. 9 shows the word length of the data utilized for internal operations in CX-7997. Multiplication results 
P4 to PO are discarded (with RND control), and upper data P18 to P5 are added to C input. Since overflow 
detection is not performed on the operation result, care must be taken with the value of the input data. 


When the data is in 2’s complement form, the decimal values of inputs and outputs must have the following 
limit 


Input —-1SA<1 -4<SC<1 
-1<B<1 -4<BA<4 
—-1<AXB<1 
Output -4<D<4 


When the value of A and B inputs are both —1, the multiplication result does not become 1 (it becomes —1), 
so that input data should not be provided in this combination. 


24 22 2°53: 2°% 2°75. 28 a7 Qe: 2°98 


avout [ole] ar]oe] os] |e] em] 
siout [so] o] oro] >e]oo]oe]or] = 


Internal Multiplication Resuit (A x B) 





271 2-2 273 74 a7s5 275 277 278 2-9 2710 D-119712 9-139 9- 149- 15 O- 16 2-17 O-18 


a a la age ee 
prep 7p rept sler4fprap12}p1 iPro] pa] pa 7| 





P51P4)P3!P2!P1, PO: 
fos ee ed ed 


“4” RND control 


9° 


2°! 97-2 973 974 D-5 D-6 B-7 O-B D-9 9-109711 97129713 


cious Ere foe] eae enfee] of 


poutnur aeersprspedoryprq oo] osfor] oo] oo[ou 





Fig.9 Operation Word Length 
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SONY CX23024/CX23067 
8 bit S-P-S Converter ss” =: 


Description Package Outline Unit: mm 

The CX23024/CX23067 is a general 8-bit 
structured serial/parallel/serial data conversion CX23024 20pin DIP 
NMOS IC. It can be applied to high-speed digital 
processing of various kinds of signals for digital 
video system, etc. 


0.25+0.05 





ia 15°MAX 
Features : & 
e Operation clock frequency: 50 MHz is gua- = 
ranteed z 
« 5V single power supply S 
« Input/output level is compatible with TTL : 
iE 
Structure 0,460.08 


N-channel Silicon Gate E/D MOS 


Absolute Maximum Ratings (Ta=25°C, Vss=0V) 
« Supply voltage | Vop —0.5 to +7 V 
e Input voltage VIN —1 to +7 V 
e Operation temperature Topr —20 to +75 °C 
- Storage temperature Tstg —55 to +150 °C 
e Allowable power dissipation 

Pop CX23024 500 mW 7.87 TYP 1.14 TYP 


6.35 TYP 

CX23067 1000 mW bar so + ARE 

Recommended Operating Conditions (Vss=OV) 
e Supply voltage Vop +4.5 to +5.5 V 


e High level input voltageViH +2.0toVop+0.5 V 5s No.1 
« Low level input voltage Vii —1.0 to 0.8 V cos 


CX23067 24pin LCC (Ceramic) 
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Block Diagram 


LOODEZX9D/P~ZOETXO 


DATA 1 (16) (22) OUT 1 


CK 41 (17) 









a 
[CNY ely ce oe tay tT te i 


i 
Pagan ae 


LAT(15) 


te 
ye 





OE (10) 

1/0 A(9) 
1/0 B (8) 
170 C (7) 
170 OD (6) 
JOE (8) 
140 F (3) 
170 G6 (2) 
1/OW (1) 







20) (11) Voo 


(10) (24)vss 


LOAD(21) 


DATA 2 (18) 


CK 2(19) 


The numbers in parentheses are the pin numbers of CX23067. 


°SANOS 








CX23024/CX23067 SON Yo 





Pin Configuration (Top View) 


CX23024 





Pin Description 


Symbol Description 
Substrate (Connect a capacitor of 1OOOpF between this pin and ground) 


BB 

| LAT [Data latch signal input pin of shift register 1 
1 
2 







i 

[3 | _DaTai [Serial date input pin of shit register 1 

(4 | cK1 erie dota shit clock input pin of shit register) 

(5 [DATAZ Serial dete input pin of shit register 2 

[8 | CK2 [Serio date shit clock input pin of sin register 2 
Output buffer is of E/E structure 

8 | 1A0—fPaait deta input seaction input pin of shih reiser 2 * 

a 
Output buffer is of E/E structure 

a 
Parallel data input/output pin 

[19 [OF Outpurensbie SSCS 


*Note) Shift register 1 is a shift register which determines CK1 as the shift clock. 
Shift register 2 is a shift register which determines CK2 as the shift clock. 
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CX23024/CX23067 SON Yo 





Pin Configuration (Top View) 


LOAD OUT 2 CK2 DATA 2 CK1 DATA 1 


CX23067 





Nc I/OE 10D voc 1/08 OA 


Pin ae 


Substrate ae a capacitor of edclad between this pin and ao 


DATA2 Serial data input pin of shift register 2 
Serial data shift clock input pin of shift register 2 


ial 
Buffer is of E/E structure 


*Note) Shift register 1 is a shift register which determines CK1 as the shift clock. 
Shift register 2 is a shift register which determines CK2 as the shift clock. 






1 to 9 


NO 





18 


aed —, 
~N 








NO 


2 


RO 
£ 
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€X23024/CX23067 SON Yo 


Electrical Characteristics 


DC Characteristics 
(Ta=—20 to +75°C, Vss=OV The condition is determined above-mentioned recommended operating 


condition otherwise specified.) 


Power supply current Vpp 


Hi | | tput : 
current 
L level output 
current 
i | tput 
High level outpu All output pins lox=—O0.5mA 
voltage 
level output 
voltage 


Input leakage current | All input pins | | Vin=0 to 5V i 


High impedance VO Ato OH Vout=0 to 5V 


leakage current 
Switching Characteristics (Ta=—20 to +75°C, Vop=4.5 to 5.5V) 
See next page on Timing chart 


DATA1 setup time to CK1 












® 
x< 








oO P| 
— 
Ww 
eT] | td iss 
ee, He oS <= 
O10! js 
3 3 $4/3/¢ 
5 [5] <|<| 2) 3 [Bg 





: . 














=) 
” 


Cc 
=. S 
(med 


—_ 


[lat setuptime —=S=~“‘*‘“*~*dSCOCSC*~“‘*‘“dzCO™ 
0 CK Cs 
Loot te a ee 








NSN 


[V0 DATA and DATA2 hold ime | wx) 
LOAD pulse width rr 


Low level and high level 0 
of CK1 and CK2 


NO |} NO 
o;o 


o1 
< 
5°) 


—_ 


Clock pulse width 


ry) 
x“ 
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CX23024/CX23067 


M 


Parameter 


1/0 DATA 
1/0 DATA 
OUT DATA 
/O0 high Z Note) 


aximum clock frequency 


From(Input)| To (Output) 
CK1, CK2/OUT1, OUT2; 
VO Ato V/OH| Ci=15pF 


OUT2 Ci=45 pF 





Note) |/O high Z means the time required for the I/O to become high impedance after the OE 


signal is inputted. 


Timing Chart 


Note) The input signal level is low level=OV and high level=3V, and 5 ns for both rise and fall. 
The voltage judgment level for both low level and high level is 1.5V. 


Ta: 
Tb: 


Te: 
Tc 


Td: 


Te: 
Tt: 


ral 


DATA1 setup time 
DATA1 hold time 


CK1 setup time 1 
: CK1 setup time 2 


LAT setup time 


LOAD setup time 
LOAD hold time 


3V 
DATA 1 

OV 

3V 
CK 1 

OV 

3V 
CK 1 

OV 

3V 
LAT 

OV 

3V 
LAT 

OV 

3V 
OE 

OV 

3V 
LOAD 

OV 

3V 
CK 2 

OV 


San 


io oe a on 


Tc Te’ 


_  f 
_ 7 

a 
ff \_ 


Te Tf Te 


ee Ae a ae. ae 
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CX230624/CX23067 SON Yo 


Tg: I/O DATA and DATA2 setup time 
Th: 1/0 DATA DATA2 hold time 


/ODATA 3v 
DATA 2 
Ov 
Tg Th 
3V 
CK 2 a a 
OV 
Ti: LAT pulse width 
3V 
LAT 
Ov 


Tj: OE pulse width 


3V 
OE a. Ta ae 
Ov 
Tk: LOAD pulse width 
Tk 
3V | 
LOAD s+ %.. 
OV 
Tl: Clock puise width 
TI TI 


3V | | 
CK 1 or 
CK 2 

OV 


Tm: Time required for I/O DATA confirmation from LAT input 


3V 
LAT VA \ 
OV 


Tm 


High 
1/OA — \ 
1/OH 

Low 


Note The low level and high level 
are output level of CX23024/ 
CX23067. 
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CX23024/CX23067 SON Yo 


Tn: Time required for 1/O DATA confirmation from OE input 


3V 
OE \ 
OV 
Tn 


High 
Low 
To: Time required for OUT2 DATA confirmation from CK2 input 


3V 
OV 
To 


High 


Low 


Tp: Time required for I/O to become high impedance from OE input 


3V 
OE ye, 
OV 


Tp 


High 
Low 





Description of Operation 


(1) Serial data/parallel data conversion mode 
Input the 8-bit serial data into the DATA1 pin and its input clock into the CK1 pin and fetch the 
8-bit data. The fetched data is latched to the latch circuit by inputting the latch signal to the 
LAT pin. Thereafter, by inputting the output control signal to the OE pin, the 8-bit serial data is 
converted to the parallel data and is output to the I/O A through I/O H. 


(2) Parallel data/serial data conversion mode 
The 8-bit parallel data is fetched by inputting the 8-bit parallel data to the I/O A through I/O H 
and inputting the load signal into the LOAD pin. By inputting the shift clock into the CK2 pin, 
the parallel data is converted to the serial data and is output to OUT2 pin. 
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Digital Filter for CD 


Description Package Outline Unit: mm 

The CX23034 is a silicon gate CMOS LSI which has 
been developed as a digital filter for compact disc player. 
Excellent filter characteristics can easily be realized by 24 pin DIP 
inserting CX23034 between digital signal processing LS! 
CX23035 for CD and D/A converter. 


Features 

e Composition of filter. 
Stereo signal processing with 1 chip 
Two times sampling rate conversion 
FIR filter with 16-bit coefficient 
Filter length 96 


e Characteristics of filter ie 
Linear phase og MAX 
Band passing ripple lower than +0.01 dB 
Stopband attenuation higher than 80 dB 3.0 MIN 
Frequency characteristics designed to correct the 0.51 MIN 


aperture effect of D/A converter 1.23 1.75 2.54 0.45 * 0.08 
¢ Overflow limiter 
e Formmats of the output data can be selected either to 
two's complement or offset binary 
e Interface possible with 16-bit serial input D/A converter 
e Use together with CX23035 in pair 


DIP— 24P—022 


24 pin DIP 


Structure 
Silicon gate CMOS 


Absolute Maximum Ratings (Ta=25°C) 


e Power supply voltage Vop Vss* —0.3 to +7.0 V 
e Input voltage Vin. Vss* —0.3 to +7.0 V 
¢ Output voltage Vout Vss* —0.3 to +7.0 V 
e Operating temperature Topr —20 to +75 <c 
e Storage temperature Tstg —55 to +150 °C 
: ems | 
Vss = OV 4.96 MAX 
.O 
Recommended Operating Conditions 3,9 MIN 
e Power supply voltage V 4.5 to 5.5 0.51 MIN 
Pply a s 2.54 0.45 + 0.08 
¢ Input voltage Vin’ Vss —0.3 to Von +0.3 v 
e Operating temperature Topr —20 to +75 °¢ 


DIP— 24P—021 
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Block Diagram 


XTAL AMPO 


Timing control 
and test circuit 


[a 


= Addres 
16 Bit x 9EW RAM § 
ue] 
me] 
<x 


Read Data 16 Bit x 936W ROM 


Ss 





Filter operational circuit 


2’s complement<—> 
16-bit shift register 


Offset binary 
overflow limiter 
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CX23034 


SON Yo 





Pin Configuration (TOP VIEW) 


Pin Description 












/ 


Oo 


7 | AMPO 
«| eck 
7 [bata 


Input for crystal oscillator (16.9344 MHz) 


oO 
Oo 
(2) 
zA 


2) 
— 
Az 


X2SC Input for output format selection 
(High offset binary, low two’s complement) 
TEST2 Input for test (normally connected to Vss) 


Timing signal 


GND pin (OV) 


Timing signal 


Test data output (normally open) 
Test data output (normally open) 


Test data output (normally open) 


N 


Vss 





TEST3 
TEST4 
TESTS 
TEST6 
TES 


17 Test data output (normally open) 


Test data output (normally open) 
Serial data output (MSB first) 


Timing signal 
Timing signal 


Timing signal 


J 


N 
-—|9 


N 


Timing signal 
Power supply pin (+5V) 


Note) The frequencies shown are values to be used for CD. 


No 
1oN 


oO 
Oo 
Cc 
= 


04 
Vop 


NO 
f 
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CX23034 SON Yo 





Input/Output Capacity 


now in| ow 





Measuring condition: Voo=Vin=OV, FM=1 MHz 


Electrical Characteristics 


DC characteristics 
Voo=5V+10%, Vss=OV, Topr=—20 to +75°C 


Voo=5.0V 
Vih=Vopo 
Vit=Vss 


Input voltage (1) 
H level 
Input voltage (1) 
L level 
Input voltage (2) 
H level 


Input voltage (2) 
L level 


Output voltage 


H level 
C group (note) 





Output voltage 
L level 


Input leakage B group (note) 
current 


Note) Pins of from A to C groups are shown as below. 













TESTI, TEST2, X2SC, DATA, BCLK, WCLK, LRCK 
CDCK, 01, 02, 03, 04, 05, 06, DOUT, TEST3, TEST4, TESTS, TEST6, TEST7 

















34): 


CX23034 


AC Characteristics 
Input AC characteristics Topr=—20 to +75°C, Vopo>=5V+10% 


(1) XTAL pin 
@) In the event crystal oscillator is used 


ee ee 


Oscillating frequency 


Pulse cycle 





“H" level pulse width 


“L’ level pulse width twit 
Falling time 


0.7 VoD 


XTAL 0.3Vpop 


Aes 


| 
Peas | we 
p | Mex 


= 
= 
= 
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(2) DATA, BCLK, WCLK and LRCK pins 












[BCIK 7 Tovl pulse width | a 
BCLK “L” pulse level width | tw | 
ane ee 
OT, ra ice 
WELK “Hove pe wah | ow 
WGK! pulse with | os 
WCLK pie owe 
Fm rising of 6CLK To fang of WOU | ww 
From falling of WCLK to rising of BCLK 
LRCK “H” level pulse width 1 | twas | 0 
ae 

ae 





WCLK es ns (eee | ec |e 
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Function Explanation 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Oscillation circuit 

Connect a crystal oscillator with a oscillation frequency of 384 fs (16.9344 MHz) between XTAL pin and AMPO 
pin, as shown in Fig. 1. In the event crystal oscillation is not used, input clock signal with a frequency of 384 fs to 
the XTAL pin. 

The clock signal of 192fs (8.4672 MHz), which is divided-by 2 of the crystal oscillation frequency, is output 
from the CDCK pin. 






XTAL AMPO 


(16.9344MHz2) 


U 


1 of 


Fig. 1 Oscillation circuit 
[The values shown in parentheses are those used for CD] 


(10~-30P ) (10-30P ) 


Regarding initialization 

The initialization of this LSI requires a XTAL time of approx. 770 clocks after the power supply is turned on, 
provided that all inputs are in normal condition. (It takes approx. 46 ws when XTAL 16.9344 MHz.) The output is 
not valid until the initialization is completed. 


Interface with signal processing LSI 

Interfacing with the signal processing LS! can be carried out as shown in Fig. 2. 

The input data 16 bit (two’s complement) is input to DATA pin with MSB first, and individual bits of DATA input 
are fetched into the shift register within the IC at rising of BCLK. Accordingly, individual bits of DATA input should 
be changed at the falling of BCLK. Thus, 16 bits of data in the shift register within the LSI at the falling of WCLK is 
latched as a writting data of RAM. 

Therefore, BCLK signal requires at least 16 pulses during its falling time of WCLK to the next falling time of same. 
If the BCLK signal has 17 pulses or over during its falling time of WCLK to the next falling time of same, 16 bits 
before WCLK falling time become writting data of RAM. 

The input data becomes L-ch signal when LRCK is “HH”, and R-ch signal whem LRCK is “L”. 


Interface with D/A converter 
It enables to be interfaced with various D/A converter by using X2SC pin. The output timing chart is as shown in 
Fig. 2. 
X2SC (Switchover of offset binary two’s complement) 
X2SC = “H” offset binary 
X2SC = “L” two's complement 
Offset binary is MSB inverse of two’s complement. 


Regarding synchronizing with input and output signals 

If the relative relation between rising of WCLK when LRCK is “L” and output signal differs by more than 2 
clocks of CDCK (236 ns), the operation within the IC is momentarily stopped, and synchronization of input signal 
and output signal is performed again. 


Regarding frequency characteristics of filter 
The frequency characteristics of this LSI are as shown in Figs. 3 and 4. 


Correction of aperture effect frequency characteristics of D/A converter 

The digital output of this LS! is output after correcting the frequency characteristics against the aperture effect 
of the D/A converter. In addition, this correction is carried out on the assumption that the sample and hold type 
DEGRETCHER is used as an analog output of the D/A converter. 





OKA 


— SPC — 


Input 


Output 


Timing Chart 


BCLK 


DATA! 9X DD OO ee 0 0S 
LSB 


WCLK 


LRCK 


DOUT 


O01 


O02 


O3 


04 


O5 


O6 


MSB 


L-ch 


LSB 


Fig. 2 CX23034 timing chart 


MSB 


R-ch 
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-20 
—30 


-40 


Response (dB) 


-50 


-60 


-70 


- 80 


-90 


- 100 





Frequency (kHz) 


Fig. 3 Frequency characteristics 


0.0 


Response (dB) 


(¢) 4 8 12 16 20 24 28 32 36 40 44 
Frequency (kHz) 


Fig. 4 Band passing characteristics 
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Example of Application Circuit 
(1) Connection of CX23034, CX23035 and CX20152 


CX23034 








Spindie motor driver 


Es. 


1000p SNT4HCO4K 









L_ 3] 
L_4 
From RF ae = 
+5V 9% 33K ‘ooK  2200P L_ 6 | 
1™ 220P 30P __? | 
| HS as Sea Be ek 
NO ; 27K (SV 
- pea Ts = 
~ =e 
| CX23035 
Cee eee 
| Sanaa === Die converter 
From IC servo 1) eA as (OSC circuit section only) 
(1h Seen 
) 


2k x 8 bits RAM 


From microcomputer 





vEOECXO 


"ANOS 








x23034— a | | aos SONY. 


(2) L-ch and R-ch same phase connection method 


D/A converter 
CX23034 CX20152 x 2 


L-ch 


R-ch 





It is all right even at O4 in R-ch side of WCLK. 
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Programmable Shift Register 





Description Package Outline Unit: mm 

The CX23038 is an LS! which has a pro- 
grammable shift register (PSR) circuit, bit slice 28 pin DIP 
delay PSR circuit, and number of dynamic stages 
selecting function. 


Features 

e 5V single power supply 

e Low power consumption 250 mW (Typ.) 

¢ Operates by the sampling signal (14.3 MHz) 
of the standard TV signal. 





¢ Capable of setting various kinds of operating = 
modes = 
0) 
vv 
Structure = 
Silicon gate CMOS i 
DIP-28P-021 
Absolute Maximum Rating (Ta=25°C) 
« Supply voltage Vop Vss—O.5 to +7.0 V 
e Input voltage VI Vss—0.5 to Vopt+0.5 V 
¢« Output voltage Vo Vss—0.5 to Voot+0.5 V 
¢ Operating temperature Topr 0 to +70 “e 
¢ Storage temperature Tstg —55 to +150 C 


Note) Vss=OV 


Recommended Operating Conditions 
« Supply voltage Vop 4.75 to 5.25 V 





¢ Operating temperature Topr 0 to +70 °C 
Input/Output Capacity 

e Input pin CIN 9 pF 
e Output pin CouT 9 pF 
¢ I/O pin Ci/o 11 pF 


Measuring condition Vop=Vi=OV, fu=1 MHz 
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Block Diagram 


DO—D3,068M,D07M0,8S Dass M1 






Word Length selection 


( ) TEST 


256 stages shift register 


Q0-Q7 CLK OCLK 
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Pin Configuration (Top View) 





Pin Description 





1/0 


Data or word length selecting signal input pin 
Word length selecting signal input pin 










Stage selecting signal input pin 
Stage selecting signal input pin 
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Stage selecting signal input pin 


® 
No 












No | NO] No Rho | NO — | a) — mere ee oe fae 
or; B ] & = 1 OO OI;n! o BH] wih 


26 
27 
28 
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Electrical Characteristics 
DC characteristics Vpp=5V +5%, Vss=OV, Topr=0 to 70°C 


a ae a i 
Static state 

ete 

| Vss | 04 | 


beast lox=—0.4mA 4.0 
utput voltage 
z loL=3.2mA 0.4 


Ten 

a 
a 

De 













Peco! 
Input leakage current 
Vi=OV toVbD 


Input leakage current 
(During the tri-state pin input) 


AC characteristics Vop=5V +5%, Vss=OV, Topr=0 to 70°C, CL=60 pF 


Maximum clock frequency CLK, OCLK 


ieee aero ae DOtoD3, D4S6, D5S5, D6BM, 
P P D7MO, M1, BS, SOtoS4 
DOtoD3, D4S6, D5S5, D6BM, EE 

















Input data hold time D7MO, M1, BS 


Output data delay from | 
t 
OCLK (Note? OCLK=cLK) | 02°97 
Output data delay from 
Clock (CLK) the he 









Ds | | tOH1,2 : 

: POUIMIN ! 

| ! tDLIMAX ! 
Output 
(OCLK =H’) VALID VALID 

— 

DL2MIN , 
‘DL2MAX 
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Description of Functions 


The CX23038 has the following modes. 
(1) PSR 2-bit mode 
(2) PSR 5-bit mode 
(3) PSR 8-bit mode 
The relationship between each modes and D7MO and M1 pins is as follows: 


eo 
, 






PSR 5-bit mode 
PSR 8-bit mode hd. 


Here d denotes that it is an input pin of data. 


< Description of respective mode> 
@) 2-bit mode 


x 


1} Vop 


wd 
= © 
§9o60306386 06 
ap Ee ee ee ee ee ee ee ee ee ee ee 

















* Fixed at ‘’L'’ or “H"” 


The data is input from DO and D1 and output from the respective QO and Q1 after passing 
through the stages which specified by the stage selecting signal. 
The SO, S1, S2, S3, S4, D5S5 and D4S6 are the input pins of the stage selecting signal. Here, 
assuming that | 
(i) D4S6="H" Noa=264+24xS44+23XS3+22xS2+2xXS1+S0+4 
(ii) D4S6="L’" N2=25xD5S5+24xS4+23xS3 

+22XS2+2XS1+S0+4 
At this point, the number of stages of the shift registers become as shown in figure below. 
(i) BS=L 


123 4 N2 
DO Qo 


(ii) BS=H 


12 3 4 N2Q 
DO Qo 
“58 Ot Where, 5 S$ Ny $131 


In addition, the stage selecting signal determines number of the output stages after 3 clocks. 
Moreover, the data input from DO and D1 are output from Q2 and Q3 respectively, after passing 
through the 128 stages DFF (When BS="H", D1 is 127 stages). OO and Q1 are output 
respectively from Q4 and O5. From Q6 and Q/7, similar data to QO and Q1 are output 
respectively. 
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(2) 5-bit mode 
5 2 : 
- N oO baad 2) : 
8969038 4 o> 8-5 a = 
= = Ee 5) [| 7 | = an 





The data ts input from DO, D1, D2, D3 and D4S6 and output from QO, Q1, Q2, Q3 and OQ4 
respectively, after passing through the stages which is specified by the stage selecting signal. 
The SO to S4 and D5S5 are the input pins of the stage selecting signal. Now, assuming that 
(i) D5S5="H" Ns5=25+22XS2+2S1+S0+4 

(ii) D5S5="L" N5=24S44+23XS3+22xS2+2xS1+S0+4 

At this point, the number of stages of the shift register become as shown in figure below. 


(i) BS=L 


DO 
D1 
D2 
D3 
D4S6 


Where, 4 S Ng S51 





1 2 3 N5 
DO Q0 
D1 Q1 
S < 
D2 a2 Where, 6 = Ng 3 51 
D3 ~ Q3 
D4S6 Q4 


1 2 3 Ns 
DO Qo 
D1 Q1 
g < 
D2 ao Where, 6 S Ng S51 
D3 Q3 
D4S6 a4 


The stage selecting signal determines the number of the output stages after 3 clocks. 
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(3) 8-bit mode 





The data is input from DO, D1, D2, D3, D4S6, D5S5, D6BM and D7MO pins and output from QO, 
Q1, Q2, Q3, 04, Q5, O6 and Q7 respectively, after passing through the stages specified by the 
stage selecting signal. The SO to S4 are the input pins of the stage selecting signal. 
The SO to S4 determine the number of the output stages after 3 clocks. Now, assuming that 
Ng=24x $44 23x $3+22x S2+2S1+S0+4, the number of stages of the shift register become 
as shown in figure below. 

(i) BS=L 


Where, 4 S Ng $35 





Where, 7 S Ng $35 
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Application Circuits 


(1) Example of FIR Digital Filter 


4 
5 TAP Yi= = h (5—j)- X (i-}j) 
j= 





Combination of the CX-7997 and CX23038 


5 clocks delay 


















= 
== 


et 








amare la Th 
00100 00100 00100 00100 00101 
Cx-7997 M4 ~ Mo 
(Control pin) 


(2) Example of NTSC Encoder 
NTSC=Y+1- Cos (Wsc: tt @)+Q. Sin (Wsc- t+¢) 


Combination of the CX-7997 and CX23038 


Y ! Q 






CX23038 


NTSC 


Bit-interval delay mode 


CX-7997 


* When the chroma signal is picked up which has been modulated 
as shown in Fig. above, the CX23038 of the bit-interva! delay 
Mode is used. 
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10 bit Synchronous Binary Counter 


Description Package Outline Unit: mm 

The CX23043 is a 10 bit synchronous binary 
counter designed using SONY’s high-speed N- 
channel silicon-gate MOS technology. 


28 pin SRK 


27.3MAX 


Features 

@ The maximum operating clock frequency of 30 
MHz is warranted. 

@ Single +5V supply. 

@ Directly TTL compatible: All inputs and outputs 

@ Low power consumption (Typ. 100 mW). 

® Provided with ENABLE T and ENABLE P input. 

® Provided with LOAD input. 

® Provided with OE input. 

® Plural cascade connections are possible. 





z 
05+01 2 
Structure ae Pas 
N-channel silicon-gate E/D MOS = ae SRK — 28P— 01 
Applications 


® Programmable counter 
@ Memory address generation 


Functions 
Synchronous 10 bit binary counter 


Absolute Maximum Ratings (Vss = OV, Ta = 25°C) 





® Power supply voitage VDD —0.5 to +7 V 
® Input terminal voltage VIN —1to +7 V 
® Operating temperature Topr —20to +75 a & 
® Storage temperature Tstg —55 to +150 =C 
® Allowable power dissipation PD 500 mW 


Recommended Operating Conditions (VSS = OV) 


® Power supply voltage VDD +4.5 to +5.5 V 
® Operating temperature Topr —20to +75 °C 
® High level input voltage VIH +2.0 to VDD +0.5 V 
® Low level input voltage VIL —1.0to +0.8 V 


a5T = 


208 SS OONTY, 


Block Diagram — 1 


ENABLE T 


ENABLE T 


ENABLE P ENABLE P CARRY 


£— 
=— 


DATA1 

DATA 2 
wn 
p= 

DATA 3 = 
c 
3 
(eo) 
oO 

DATA 4 > 
L. 
o 
£ 

DATAS5 oa) 
= 
Re] 

DATAG6 o 
” 

DATAT 5 
Cc 
°o 
. 
= ong 

DATAS Ps 
~ 
NY 

DATA9 

LOAD 

Vss 
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Block Diagram — 2 


olsisls 






FUNCTION TABLE 


ENABLE T ENABLE P COUNTER CARRY 


Es ns 
od 








isis ls 





DATA! 
DATA2 
DATA3 
DATA4 


ENABLE P 
ENABLET 
0€ 
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Pin Configuration (Top View) 


Voo 
CARRY 


lo 


Q1 
Q 
Q3 
Q6 
Q 
Q 
Q9 
CK 


® 
©) @) 
© or 
®) 
© 
(©) 04 
(R) o5 
© 
(9) 
© @) 
@ e 
) a10 
@) S 
@) © 


CX 23043 





(6)-—@) 


ENABLE T (~) 
DATA1 
pata2 (*) 
DATA3 (@ 
DATA4 
DATAS 
DATA6 (@) 
DATA7 () 
DATAS 
DATAQ 
DATAIO (js) 
LOAD 
Vss 


ENABLE P 


Pin Description 


Le ENABLE T Counter enable input terminal (CK, CARRY controlled) 
ae ENABLE P | Counter enable input terminal (CK only controlled) 








a 
eC 
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Electrical Characteristics 
(1) D.C Electrical Characteristics 


(VssS = OV. Unless otherwise specified, the conditions are as per the recommended operating conditions 
described above.) 


[Powers cunent | veo | 
All output terminals 


: 
High level output voltage All output terminals 
Low level output voltage All output terminals 


Input leakage current All input terminals 
Hi-impedance leakage current | Q1 to Q10 


Note 1 Ta = 25°C 
Note 2. Vpp = 5V, Ta = 25°C 





(2) A.C Electrical Characteristics 
(Ta = —20 to +75°C, VDD = 4.5 to 5.5V, VSS = OV, see next page for timing chart) 


[anaeTonowe | wx | 70 
[vaieTrorowne | ex | 5 
[anaicronpim | wee | 70 























‘aueieProaraime | ex | 8 
ce 
[oatanoaeasne + wer (10 
Graeme |e 
ioabrooane | wee | 10 
cucknsewn | warn | 5 
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te [oat [Oat | coin 
Maximum operating Q1 to Q10 
canny | =o] || (80 








Note 1) Time required for the output Q1 to Q10 to go from OE toa high impedance. 





(3) A.C Electrical Characteristics 
(Ta = +25°C, VoD = 5.0V, VSS = OV, see next page for timing chart) 


ee ce 
ENABLE Tholdngtime | we | 









Typ 








[omtanoaeoine | wer | 
a 
ante 


LOAD holding time 
Clock pulse width Low or High 





ee 
tae rene | ok | URI [mame | 
fom Yano [moor] 
ed 
rey eT | came maar | 
fom S*dYSC—*dwa [em or] 
[aciz we | OE | crwaw [amor] 


Note 1) Time required for the output Q.1 to Q10 from to go OE toa high impedance. 
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Timing Chart 
Note 1) Input signal level is Low level = OV, High level = 3V, 5 nsec both for rise and fall. 
2) Voltage determination level is 1.5V for Low and High levels. 


Ta, Ta’ : ENABLE T setup time, ENABLE P setup time 
Tb : ENABLE T holding time, ENABLE P holding time 


3V 
ENABLE 
Ov | 
| 
| 
OV 


Tc : DATA setup time 
Td : DATA holding time 


3V 
OV 


Te, Te’ : LOAD setup time 
Tf : LOAD holding time 


3V 
LOAD N A 

OV 

3V | 
CK 

Ov 





Tg : Clock pulse width 


T T 


3V 


CK 
OV 
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Th : Time from clock input to the determination of binary data 
Ti : Time from clock input to the determination of carry data 


3V 
CK A \ 
Ov , 


i 
Th,Ti 
AT Note) Low and High are the 
or Gx CX23043 output level. 
CARRY LOW 


Tj : Time from the ENABLE T input to the determination of carry data 


3V 


ENABLE T | X - 
ov 
Tj Tv) 
a 
HIGH 
CARRY } 
Low 


Tk : Time from OE input to the determination of binary data 
TZ : Time from OE input to the output high impedance 


OE i). a, a 
ov | 


atk | te 


| . HIGH 
| LOW 
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Description of Operations 

The CX23043 is a synchronous 10 bit binary counter. Data is input to DATA1 to DATA10 with the 
LOAD at low level, then CK is input and data is loaded in the output terminals Q1 to Q10 with the rise of 
CK regardless of the ENABLE level (high or low). 

When the ENABLE T and P are at high Jevel, the counter is in operation. When either ENABLE is at low 
level, the counter is in recess. When the ENABLE T is at low level, the CARRY output enters low level. 

When OE is at low level, the output buffer (Q1 to Q10) is in operation. When the OE is at high level, 
the output buffer (Q1 to Q10) outputs high impedance. 


Application Example 
Connection of plural cascades is as follows. 






H = COUNT 
L = DISABLE 


H = COUNT 
L = DISABLE 


CLOCK 
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Digital Signal Processing Multiplier 





Description | Package Outline 7 Unit: mm 
The CXD1018G is a 16-bit. 32-bit->36-bit parallel 
multiplier. ,. <BeelnESs 


Features 

e For X inputs (16-bit), either one of two types, 2’S 
complements and unsigned straight binaries, may 
be selected. 

e By employing a Booth algorithm + Wallace tree + 

CLA adder structure, this LSI enables high speed 

operations (at 75 ns typ.) 

Incorporates a 36-bit accumulator. 

e With its mode selection, the LSI serves either as 

the multiplier for an CX23015 (audio signal 

processor) (also corresponds to a two CX23015s 

employing mode), or as a general purpose multiplier- 

adder. 

When its extension output pins (PSGN and ARCO) 

are utilized to have a 4-bit full adder and a 4-bit 

register connected externally, a 40-bit accumulator 

structure may be enabled. 

Low power consumption (at 100 mW typ.) 


EXTRA 
INDEX PIN. o 


Function 
Multiplier 


ooo 08 80 0 0 @ 89 OO oO 


° 
° 
° 
° 
° 
° 
° 
° 
° 
° 
° 





Structure 
Silicon gate CMOS IC 


Absolute Maximum Ratings (Ta=25°C) 


e Supply voltage Voo  Vss* —0.5 to 7.0 V 

e Input voltage Vi Vss* —0.5 to Voot0.5 V 

e Output voltage Vo  Vss* —5.0 to Voot0.5 V 

e Operating temperature Topr —20 to +75 =C 

e Storage temperature Tstg —40 to +125 °C 
* Vss=0V 


Recommended Operating Conditions 
e Supply voltage Vpp 5.00.25 V 
e Operating temperature Topr —20 to +75 "G 
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Block Diagram 


loo — 134 


16 — 22, 24 — 32, 57 — 72 
<r 


1bit SHIFTER 









XM 


Ge) 






63) NPY 


32x17 ———® 36 ARRAY @3)cPI 





(49) cPO 





: PC ~ 
MST 


1—12, 37— 48, 50— 54, 74— 80 


000 — O35 
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Electrical Characteristics 


1. DC characteristics | Voo=5V+5% Vss=OV Topr=—20 to 75°C 


tm | conation foi) Tye 
| ee ee ee ee 
Power supply current 

Standby state” i 
Output voltage 
Input voltage 
vt -_ 
) 10 


lou=3.2 mA 
_ Input leakage current IL 
* Vin=Vop, Vit=Vss 











Symbol 










Vi=OV to Vopo 


2. AC characteristics 


= 


MSo, MS: Set-up time 2 tsu6 
MSo, MS1 Hold time 2 THD6 















Symbol | Typ. 


Multiplicand X (16-bit) 


Multiplicand X (16-bit) 


Multiplier Y (32-bit) 






Multiplier Y (32-bit) 


MST=H mode 


MST=H mode 
MST=L mode 


MST=L mode 


7 


—_ 


NO i) 


2 
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MAAN su : tH2 ANAK 341 | thon AAA) 
_ 
my AUAAXX( sus tho3 XX 


om NNN CSREES 


yO (eur on 


wo 
-_ 


(sue | toe AAA 
| | 


| 
| | 

| | 
| | 
| | | 
| | | 
| | l 
| | | 
| l 

| ; | 


CPO | | 


| | ! 

VY V\' ! Y avs\ 

wso.mst KAKA 845 | 405 XX sue tuo XXX) 
| | | | ! | 


3. Input/output capacitance 


Test condition Vop=Vi=OV, fu=1 MHz 





Pin Configuration 





(TOP VIEW) 


set 
@ $0 G0 §o £0 So So Yo Yo ¥o Yo Ye 
o $o fo Fo Yo Fo Yo Bo Bo Bo Bo Yo 


INDEX 


11 
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Description of Individual Blocks 

The detailed structure of the internal circuits is described below, broken down into four blocks: Input 
block that includes input registers and shifters, multiply array block that performs actual multiplyig 
operations, accumulator block that performs accumulating operations, and output block that switches 
outputs in accordance with the designated output format. 


1. Input block 

This block separately latches multiplicand X and multiplier Y that have been input through pins loo through 
I31 by time sharing, and after aligning their timings together, outputs X and Y to multiply array. The block is 
composed of registers and 1-bit shifters. 


[Registers] 

After being latched at the negative edge of CPI, multiplicand X is latched again at the positive edge thereof, 
while multiplier Y is latched directly at the positive edge. For all the registers and equivalent, type D FFs 
(flip-flops) have been employed, and to the second stage X latch registers and Y latch registers, enable pins 
have been provided to enable latching operations exclusively in “L’’ MPY modes. These enable pins have 
been built in by providing a selector on the D input side of each FF, as shown in Fig. 1. 


OUT 





Fig. 1 


[1-bit shifters] 

A 1-bit shifter has been provided between the first and second stage latch units of - circuits, and serves 
for switching - values in accordance with whether the - is a 2‘S complement or an unsigned straight 
binary. Specifically, because multiply array block in the next stage is capable only of 2'S comp. - 2'S comp. 
multiplying operations, it will add a 1-bit sign bit “O” onto the upper MSB when - is unsigned, to convert it 
into a 17-bit 2'S complement. When on the other hand, - is a 2’'S complement, the shifter will add a 1-bit 
“O” to trail behind the LSB side to make it 17-bits in length. There operations are performed by the 
hardware shown in Fig. 2. 


X15 X14 X13 X2 x4 xo 


Xm 






(* : Unsign 


x< 
.) 
x< 
a 
x<I 
r 
be 
~ 
<I 
x! 
o- 


(MSB = Sign) 
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2. Multiply block 


This block actually multiplies multiplicand x.and multiplier Y together that have been aligned together in 
the input block, and consists of three sections as shown in Fig.3; namely, partial product generator section, 


Wallace tree section, and CLA adder section. 






Partial product generator section 


Wallace tree section 


CLA adder section 


Fig. 3 


3. Accumulator block 

This block performs the so-called accumulating operation of adding earlier multiplied results (36. bits) 
and newly multiplied results (36 bits) together and providing the cumulative sum of such added results, and 
is basically constructed of 36-bitt36-bit adders and registers that hold earlier added results (Fig. 4). 


Multiply array output 
(Registered) 


CPO 


ACC 





ACCUMULATOR OUT 


Fig. 4 
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4. Output block 

This block switches its output in accordance with the mode selected by MSO and MS1 and delivers Ooo 
through O35 to the output pin. The block consists of a decoder and multiplexers. Its block diagram is shown 
in Fig. 5. It has two stages of multiplexers, one for mode switching and the other for switching between PL 
and Pu. 


Multiply array output 





Accumulator output 





CPO 


MSO Hi 
MST rom 
ae 
MS1 
ee 


PSEL » 


000 - 935 


MODE SELECT 
MULTIPLEXER 






PL/PH MULTIPLEXER 





DECODER 





Fig. 5 


Terminal Explanation 


loo through 131 (pins 16 through 22, 24 through 32, and 57 through 72) 

These pins serve for inputting multiplicand X (16-bit) and multiplier Y (32-bit) by time sharing. Specifically, 
at the negative edge of a signal input to the CPI pin (pin 23), X is latched internally, as shown in Fig. 7, 
where 16-bit of X are input by the use of los serving as LSB through 123, and 32-bit of Y input by the use of 
loo serving as LSB through |31, with the two inputs in 32-bit parallel with each other. 





SOCKOG rr PRR ERE RRR TO 
RY YOO UOU OOOO KK/ LORRY / 
OOOO UVUCUOOOO OOOO OOOO KKK OOXXXY) 
PXXXXXN\ BXYXXIOOK KX AKRRR ROE K IAAMARA\ 












loo —!134 
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Fig. 7 






The data formats for multiplicand X and multiplier Y are shown below, where XM is the pin for switching 
the X expression between a 2'S complement and an unsigned straight binary and its further details will be 
given in the paragraph on “XM (pin 56)”. 


14 
=—1axist E 27S me xn (XM="H") 
n= 
15 
x= 2 2—(16—-n)* XxX, (XM Sex Le} 
n= 


30 
Y=—1*Y31+ 2 2—(31- x Yp 
n= 


Multiplied P results will be given by: 
34 
P=—1 * P3s-++ ri Ph 
n= 
This LSI is capable of multiplying all X and Y combinations except just one (when X=—1, Y=—1) where 
multiplied results will overflow and become: 
X(—1)* ¥(—1)=P(—1) 
calling for due caution. 


MPY (pin 13) 

This pin serves for inputting a multiplying operations starting command. When this pin is “L’ and the 
positive edge of a signal input to the CPI pin (pin 23) has arrived, multiplying operations will commence. As 
multiplier Y for the operations, a signal input from loo through I31 at the CPI positive edge is employed, and 
multiplicand X employs a signal input at the negative edge immediately preceding it. (Fig. 8) 


| CPI 


loo 3 BORK TK XK 


3 


\ 


Multiplying operations starting time 


Fig. 8 


XM (pin 56) 


This pin serves for inputting the signal with which to switch the multiplicand X expression between a 2’S 


ee we 





straight binary at XM="‘L”. The signal is latched internally at the CPI positive edge in an MPY (pin 13)="L" 
mode, and may be made to determine the expression for an X input at the immediately preceding negative 


edge. 





me 
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CPI (pin 23) and CPO (pin 49) 

These pins serve as the system clock input that determines operating cycles of the multiplier, and input a 
50% duty square wave at 6 MHz max. CPI serves for latching multiplicand X and multiplier Y as well as the 
MPY and XM signals, while CPO serves for the MSO, MS1, and MST latching, the output multiplexer 
switching, and the determination of accumulator operating cycles (internal generation of ACC and CLR 
signals). Normally, the same signal is input to CPI and CPO, but the two inputs may be mutually phase- 
shifted depending on the external circuitry for control of the LSI. 


For example, when X, Y, control signals MPY, XM, etc., and the timing for fetching the multiplied results 
P that have been output by this LS! all synchronize with CPO, CPI may be made to lead CPO as shown in 
Fig. 9. Such an arrangement offers the advantage of a shorter cycle time (CPI/CPO cycle). 


| 
| 
| 
| | 
AA/ \Y U 
Ooo 21 | MK Pe OX PH OK 
| 


ae eee ene 
| Net multiplying time 


Fig. 9 


MSO (pin 14), MS1 (pin 15), and MST (pin 55) 

These pins serve as mode switching inputs that determine bit assignments for the output of multiplied 
results P to Ooo through O35 (pins 1 through 12, 37 through 48, 50 through 54, and 74 through 80), and the 
modes switched include those shown in Fig. 10. Bit assignments and similar other aspects will be 
discussed in greater detail in the paragraph on ‘Ooo through O35”. 


CX23015: Standard (28-bit) or extended (36-bit with two CX23015 employed) 


i 












<a 

1 | o- 
Eee td 
es 


NO 


General purpose 16X32 —-36-bit with no ACC 
General purpose 16X32 36-bit with ACC output 


Fig. 10 





In the above, MST (pin 55) is the input pin that dictates the timing for internally latching MSO and MS1. 
At MST="L", MSO and MS1 are latched at the negative edge of a signal input to the CPO pin (pin 49), and 
immediately afterward, the Ooo through O35 signals will continue to be output in that mode until the next 
negative edge arrives. At MST="'H”", MSO and MS71 are latched at the positive edge of CPO, and the mode 
for Ooo through O35 are maintained unaltered for the interval starting with a negative edge that immediately 
follows. the said positive edge and ending with the next negative edge (Fig. 11). 
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Oe Nee ee 


MS 0, MS 1 


| 
JK OK mst = 1") 
xx 


| (MST = “H""’) 


Mode determining interval 


Fig. 11 


Ooo through O35 (pins 1 through 12, 37 through 48, 50 through 54, and 74 through 80), 
and PSEL (pin 33) 

Pins Ooo through O35 output either multiplied results P or the accumulator data, and when PSEL (pin 33) 
is made “’L”, the output will emerge at Ooo through O35 that has been time- multiplexed by CPO to permit its 
direct connection to an ADSP. Specifically, when CPO is “L” the LSB side of P, or PL, is output, and when it 
is ‘“H”, the MSB side of P, or PH, is output. When no time-multiplexing is required for general purpose 
applications, PSEL may be set at “H”’ to fix the output at PH. These output timings are shown in Fig. 12. In 
addition, the detailed output format at individual pins is shown in Fig. 13. 


CPi, eof | ff | fp fT. 













Y *” ty NY Ry TAY "9 
PAV 


loo Is: 


pnd XX SEL = "LL" 


| 


mode 0, 1,2 








Ooo - O35 











X X \) / “a oe 
Re Po XP PSL =“ 


MK PHY PSEL = "H" 


mode 3 (Acc output) 








Fig. 12 
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035 020 0; re) O00 


(mode 0) 












(mode 1) + P2eelstBolesleslerieclesiafe fu fu efefe fu epee fe fee peje ede fee fee | 
PH [85]35)35)35)35 [35 55/35 35/5535 85)35 34/23 /22/2 sJaoj19lrelt7 [1615 [1413 ]12| 








nese 2 ete fe fe fe fe fe fe fe fe epee fe fe 
(mode 3) , is hia [rs feiiifolelst7le|s[4[3 lair fo) 
O - LSB. “L"’ output 
35 --- MSB 


Fig. 13 


ACC (pin 34) and CLR (pin 35) 

ACC is the input pin through which adding commands are issued to the accumulator within, and when 
ACC is “’L", the internal accumulator register contents and the immediately preceding multiplied results that 
have been summed together are freshly latched by the accumulator register as soon as CPO is made “L”. 
CLR is the input pin that reduces the accumulator register contents all to “0”, and similarly to ACC, “O” is 
loaded to the accumulator register as soon as CLR and CPO have together been made “L”. 

Note that the internal accumulation and accumulator register clear operations are not executed by the 
negative edge of CPO at ACC (or CLR)="L”, but at the simultaneous “L” levels of CPO and ACC (or CLR), so 
that in a case illustrated in Fig. 14, internal operations wil] be performed not only at timing “a” but at timing 
“b” as well. With ACC, in particular, since a spurious addition unrelated to the CPO cycle is made at timing 
“b”, utmost caution should be exercised. 


CPO | | | | 





ACC or CLR | | 


Fig. 14 


Fig. 15 shows normal CLR and ACC operational timings. 
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PSGN (pin 36) and ARCO (pin 73) 
PSGN and ARCO are the exit pins for the extension of accumulator beyond 36-bit, and an example 40-bit 
accumulator that has been constructed by the use of these pins is shown in Fig. 16, together with its timing 


chart in Fig. 17. Gear PSGN 
nll 


B4 A4 B3 A3 B2 A2 BI AI 
agit ARCO 


tsirs bE RES 
OE ig 30 





° 
a 
2 


AC39 AC38 AC37 AC36 
—-_—_Y-_— YY 
Four bits extended upward in order 


Fig. 16 
— 
me Nf 
| | 


ow-os KCC output YR mode 3, PEL = “H” 

















ARCO NRA ARCO YAK 


UXXX/ UXXX/ 
LS173 Output NYA AC36 — AC39 MA 


-_ 


Internal External 
accumulator accumulator 


Fig. 17 


Note that accumulations in the external circuit are made at the positive edge of CPO so that, as shown in 
Fig. 17, the ACC signal will have to be held at an‘L” level at the positive edge of CPO as well. Because the 
externally accumulated results are made valid after the positive edge, 40-bit accumulations that have been 
extended upward beyond MSB by 4-bit may be achieved by latching Ooo through O35 and the four outputs 
of LS173 at timing “C” of Fig. 17, and thereby expanding the overflow limit of the 36-bit accumulator. 
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Supplementary Presentations 


[Supplement 1] Booth algorithms 

Booth algorithms represent a technique for the multiplication of binary numbers expressed in 2’'S 
complements, and will not only reduce the number of partial products involved but also eliminate the need 
for corrections that accompany the 2’S complement expression. 

When multiplying binary numbers in general, partial products equal in quantity to the bits in Y and marked in 
Fig. 18 with double underlines are generated. By deriving partial products for every two bits of multiplier as 
shown in Fig. 19, their quantity may be reduced in half. When simply employed, however this approach will 
generate partial products that take on one of four values of O, X, 2X, and 3X. Of these, 0, X, and 2X may 
readily be obtained as X itself or in its shifted form, but 3X presents quite a challenge for hardware to 
generate. 

Now, a (n+1)—bit multiplier, Y, expressed in 2'S comple-ments, may be written as: 


—1 
Y=~— Yoo E YK2k (1) 


By assuming for simplicity’s sake, the length of Y (n:1) to be an even number, and Y—1=0 to hold true, the 
above equation may be rewritten as follows: 


2 22.2% ° | ear 


@ +) ®©@@ ®@ @ product 


e@ ®@ 
+) @ @ ® 


Partial 
product 


@©e30e @ 8 8 @ Product 


Fig. 19 


©oeeee€@e&e @ Product 





Fig. 18 





Y=—Yn- 29+ Yn—1 + 29-14+Yn—2. 29-2 
+... FY3+23+Y2-22+Y1.21+ Yo. 20 
=(Yn-2+ Yn~1 —2Yn) 20 +(Yn—4+ Yn—3—2 Yn—2) -2073 
+... +(Yi+Y2—2Y3) -22+(Y-1+Yo—2Y1)- 2° 


n—1/2 
—— (Y2k—-1+Y2k—2 Y2k+1) - 22k (2) 


Accordingly, multiplied result P=X-Y may be written as: 
P=X.Y 


n—1/2 
= (Y2k—1 + Y2k—2 Yakt1)X + 22k (3) 


where (Y2k—1+Y2k—2Y2k+1)X-22* represents the partial products under discussion. From equation (3), 
their quantity will be (n+1)/2 or half the number of bits in Y. 

Since (Y2k—-1+Y2k—2Y2k+1) takes on the values at O, £1, and +2 against three sucessive bits (Y2k—-1, Y2k, 
Y2k+1), partial products (Y2k—1,+ Y2k—2 Y2k+1)X will take on one of five values of O, -X, and +2X. Of these, 
2X may be generated by a single bit shift, and for negative number —X, obtaining X and adding 1 to LSB will 
suffice due to its 2’S complement expression. 
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Accordingly, by designating the operational format out of O, =X, and +2X from three successive bits, the 
generation will be enabled with relatively simple hardware of the partial products whose quantity equals 
half the bits in Y, or half the quantity involved in normal calculations. 

Given in Table 1 below is a list of types of operations against three suceessive bits if Y, and Fig. 20 shows 
how to fetch three successive bits out of Y that is 8 bits in length. 


Y2k+1  Y2k  Y2k-1| Operation 


Y7 Yei¥s YarY3 Y2: Y; Yo| Y-1 





0 
0 
1 
1 
0) 
0 
1 
1 


Table 1 


Since as is evident in Fig. 20,the three bits (Y2k—1, Y2k, Y2k+1 ) each have one bit overlapping with their 
neighbors, they appear as if Y has been segmented at every other bit. This is the reason why this process is 
known as the second order Booth algorithms. 


[Supplement 2] +1 algorithm 

When in multiplying binary numbers expressed in 2'S complements, partial products are obtained by 
Booth algorithms, each individual partial product is also expressed in 2'S complements so that the MSB of 
the lower order partial products will have to be sign-extended as shown in Fig. 21 to yield a valid product. 
Such sign extensions, however, will increase the number of bits in partial products, levying a large burden 
on the partial products adding hardware and lowering its multiplying speed. Accordingly, the partial product 
MSB (= sign bit) is inverted and “1” added on at the prescribed locations, to enable the addition with no 
sign extensions that in turn brings about higher speed operations. This process is known as the +1 
algorithm. 


e e@ ee x ®e050cocot@ @@8C@ @ X 
Xx) @@e eeee iy Xx) @©@@ eee @ 
AK AK KA KA hKR@Q@6 6 C6 Ce ®e ®@ Vv 
AAKRoeeeee37ee @ @ Partial VO0@@886@ @ @ @ @ 
AAe@06e06080 6 © @ @ ®@ product V00e@008080080 @ @ @ Partial 
+) @e@e0080e0e @ V0e@8@08080800 @ product 
+) 06806000000 ®@ 
e©@ee80e@ 808 @ @ © 8 Oe OO OC OO Product 
e@©e@0e8@e@ &© &@ 60 ee Oe Oe Oe lO le Ce OUProduct 
A - Sign extend bit for aligning par- 
_ tial product sign bits together O ++ Sign-inverting sign bit 
V+ +1 bit 
Fig. 21 Fig. 22 
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Double Scan Converter Preliminary 
Description Package Outline Unit: mm 


The CXK1201P is a digital line memory for 
non-interlace TV 8-bit structure which employs 
silicon gate CMOS process. It is enabled to 
perform line interpolation and scan conversion 
of horizontal frequency. 


28 pin DIP 


Features 
« Most suitable to the digital TV system of its 
sampling frequency of 4 fsc (NTSC). 
Incorporates H sync, H blanking, clock for A/D 
converter and clear signal generation circuit 
to synchronize with external circuit. 
e Memory structure 910X8xX2 bit 
High speed cycle time 
Minimum write cycle time 66 ns 
Minimum read cycle time 33 ns OTP eee Os 
I/O level Compatible with TTL level 
Data output three states 
« 5V single power supply 
e Low power consumption 200 mW (typ.) 





Structure 
Silicon gate CMOS 


Application 
Double scan monitior 





Function 
Double scan conversion 


Absolute Maximum Ratings 


e Supply voltage Vop -—0.3 to +7.0 V 

e Input voltage VIN —0.3 to +7.0 V 

e Operating temperature Topr -—10 to +85 oC 
« Storage temperature Tstg ~—55 to 150 “C 
e Power consumption Pp 500 mW 


Recommended Operating Conditions (Ta=O to +70°C) 


e Supply voltage Vop 4.5 to 5.5 V (5.0V Typ.) 
e« Supply voltage Vss O V 
e Input voltage ‘’H’’ level VIH 2.4 to Voot0O.3 V 
e Input voltage ““L’ level VIL —0.3 to +0.8 V 
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Block Diagram 










WRITE 
ADDRESS 
COUNTER 







ADDRESS 
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Pin Description 


1-4 
Ce TEST Test signal input 










clock input SSSCSC=“~*~*~“‘~*~*~*~*~*~*Y 


Data input 


1-4 
5 
C 
7 CK 
ear 
ae E 
5-18 
19 
20 
21 
22 
23 


| 20 
ae 
| 23 


sims 


Qs - 
H 
CK 
S 
HB 


Vss 
Qs 

O 

CLO 

O 

| 22 | SO 

O 

D 


Vo 





rn err tr et tr SERN 


Power supply (+5V) 





Pin Function 

(1) 11 to 18 (Input) 
The data inputs. The data set up time and hold time are determined from the rising edge of the 
clock. 

(2) Q1 to Q8 (Output) 
The data outputs. The access time is determined from the rising edge of the clock. 

(3) CKI (Input) 
A lock input. The I/O timing of the respective signals are defined against the clock which has 
been input from this pin. 

(4) CLI (Input) 
A clear input. The input which is used in order to initialize the write address and read address. 
When it is necessary to synchronize with the externals (data inputs), there are two ways, the 
one is to use this clear input and the other is to use the H blanking signal which will be 
described later in this description. 

(5) OE (Input) 
An output enable. When it is at “L’ level, the data outputs (Q1 —- Qs) become into output 
mode. When at ‘’H” level, they become into high impedance state. 

(6) CLO (Output) 
A clear output. When plural numbers of this LSI are used in parallel, it is possible to 
synchronize with the respective LSIs by inputting the clear output of which is specified as the 
reference, to the clear inputs of other LSls. 
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(7) CKO (Output) 
A clock output pin. The frequency is 1/2 that of the input colck signal and is possible to be 
used. as clock of the A/D converter. 
(8) SO (Output) 
An H SYNC signal output pin. It is possible to be used as a signal to synchronize the data 
output and monitor. However, this signal is an H SYNC signal during double speed (The 
frequency is twice as much as that of normal.) 
(9) HO (Output) 
A signal output pin which outputs the signal of 50% duty and whose frequency is equivalent to 
the H SYNC signal. 
(10) HBO (Output) 
A H blanking signal output pin. It is possible to be used as a synchronizing signal with the 
data input signal. 
(11) TEST (Input) 
A test signal input pin. It is a pin used during the test of LSI and is normally used at ‘’H” level. 
(12) Vop 
The power supply pin. (+5V) 
(13) Vss 
The grounding pin. 


Electrical Characteristics 


DC characteristics Vop=5.0V, Ta=25°C 


[es 
Power supply current (active) | ipo en 
op iestage sure | | 2 | 2 Lak | Wir vo 
[Out votage 7 teed | Vor Trt 
foutput votage "t”tevel | vo | | 
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AC characteristics Vop=4.5V to 5.5V, Ta=O°C to 70°C 
(See the timing chart on next page) 


Clock frequency 


From clock input to 
determination of Q: — Qs 


From OE input to 


determination of Q:— Qs 


From clock input to 
determination of CKO 


From clock input to 
determination of CLO 


From clock input to 
determination of SO 


From clock input to 
determination of HBO 


From clock input to 
determination of HO 





Output disable time (from 


— 





ae 


— 


Output enable time (from 


Pin capacitance 
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Timing chart 
(1) Input signal levels are at the low level = OV and at the high level = 3V, and5 ns for both rising 
and falling time. 


(2) The voltage judging levels of both low and high are 1.5V. 


3V 
CKI / \ 
ov 


3V 
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CKO, SO High | output level of the IC. 
HBO, HO 
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3V 
OE \ / N 
| tpdb |  tpdh | tpg 
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Description of Operation 

The video signal of the NTSC format performs interlacing with one field 525/2 scanning lines. 
Accordingly, to perform scan conversion of horizontal frequency (one field 525 scanning lines), it 
is required to make line interpolation and the horizontal scanning frequency twice as much. The 
conceptual diagrams when performing the scan conversion by using a CXK1201P are as shown 


ey 
oe 
° 
= 


NTSC format video signal 


1 field 2 field 


Ht 


262 


263 


Video signal after being converted into scan conversion 


1 field 2 field 
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H 
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An application example, which is provided as a reference in order to operate the converter in the 
manner as shown in the conceptual diagrams, is as shown in Fig. 1, and its timing chart is as 
shown in Fig. 2. At first, initialize the write address and read address of the CXK1201P by 
inputting clear signal. After that, by inputting the digital data having been sampled by 4fsc 
(14.3 MHz), the data having been converted by double speed can be obtained in synchronization 
with the clock at 8fsc (28.6 MHz). 

Moreover, to synchronize with the monitor, carry out the phase comparison with the composite 
sync signal which is provided by adding the H sync signal generated from the CXP1 201 P and the V 
blanking signal extracted from the input data and the composite sync signal within the monitor, 
and by changing the frequency and phase of the composite sync signal within the monitor so as to 
make no differences in the phases. 





DATA OUTPUT 
28 .6MHz 


DATA INPUT 
14.3MHz 






is — Is 


@) - @ 


PD : Phase Detector 
VCO: Voltage Controlled Oscillator 


Fig. 1 Application circuit, No. 1 





— 290 — 


— 16¢ — 


cul 

CKI 
CKO 
11— 18 
Q1— a8 


i 


3634 O 1 2 909 910 911 912 1817 1818 1819 1820 1821 1822 (4 2729 2730 2731 2732 R 3637 3638 3639 O 1 2 (a 


2) (s 455 456 (¢ 909 910 911 ‘5 1365 1366 i 1819 Oo 


OB 1B 455B 4568 909B Oc 1c 455C 456C 90sc O 


= ee ee © eo A GLEE aE GED ED RD OS 


9098 OB 1B. 28 


OA 1A 2A 7 909A OA 1A 2A ; 907A 908A S909A OB 1B 2B 


| 1H (63.5us) ! 1H (63.5yus) | 


Fig. 2 Double speed conversion timing chart 





907B 908BS09B OC 1C 2c (= 


dlOCLYXO 


"ANOS 


CXK1201P SON Yo 


Moreover, an application example when the clear input is not used is as shown in Fig. 3. In this 
case, extract the H sync signal from the input video signal and make the sync signal having the 
same frequency as the input H sync by the H blanking signal and HO signal from the CXP1201 P. 
Perform the phase comparison of thus provided sync signal and change the frequency and phase of 
the clock (28.6 MHz) so as to make no difference in the phase. 

In addition, the method to synchronize it with the composite signal of the monitor, the same 
procedures as using the clear input mentioned above should be taken. 


DATA OUTPUT 
28 .6MHz 


DATA INPUT 
14.3MHz 





MONITOR SYNCRONIZED SIGNAL 
H:SYNC 


V BRANKING (+) | Po | vco TO MONITOR 


Fig. 3 Application circuit, No. 2 
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The CXK1201P generates various kinds of synchronizing signals in order to synchronize with 
the external signals. The phase relationship between the synchronizing signals and their 
respective timings are shown in Figs. 4 and 5 respectively. 


QO 
- 
Oo 


oa a 
HO i Poi] —— a —— 
Wo i —— 


| 1H (63.5yusec) | 1H (63.5usec) | 


Fig. 4 The phase relationship between the respective outputs 
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3611 230 1791 1820 2050 3611 


Sul Ll Ll Ll Lt Le 
J LJ “LJ 


35n x 29 35n x 230 
=1.015usec = 8.05usec 


455 910 1365 1820 2275 2730 3185 


FUP LAL LP LPL! LS, 


SLI LILI LL 


35n x 455 = 15.925usec 


Fig. 5 The respective output timings against the input CKI 
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Digital Delay Line 


Description Package Outline Unit: mm 
The CXK1202S is a digital line memory 
pertaining to 8-bit structure which employs 28 pin SRK 
silicon gate CMOS process. It can easily be used 
to realize compensation for dropout of VTR and 
used as a digital filter, noise reduction, etc. 





Features 

¢ 1144 words X 8 bit structure 

« Number of delay steps is 17 to 1144 bits and 
variable. 

e Possible to select the following 16 delay lines 
(Peripheral circuit is unnecessary) for NTSC, 
PAL and SECAM 

905 to 912 bits 
1129 to 1136 bits 

¢ High speed cycle time ee eed 
Minimum write cycle time 25ns 
Minimum read cycle time 25ns 

« I/O level Compatible with TTL level 

« Data output three-states 

¢ 5V single power supply operation 

« Low power dissipation (200 mW typ.) 





Structure 
Silicon gate CMOS 


Absolute Maximum Ratings 





¢« Supply voltage Vpp —0.5 to +7.0 V 

« Input voltage VIN —0.3 to +7.0 V 

¢ Operating temperature Topr -—10 to +85 ae 
¢ Storage temperature Tstg —55 to 150 aC 
e Power consumption Pp 500 mW 


Recommended Operating Conditions (Ta=O°C to 70°C) 


« Supply voltage Vop 4.5 to 5.5 V (5.0V typ.) 
e Supply voltage Vss 0 V 
e Input voltage ““H” level ViIH 2.4 to Vpp+0.3 V 
e Input voltage ““L” level ViL —0.3 to +0.8 V 
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Block Diagram 


iz i SMALL i | 
1 LINE MEMORY (1144x8BIT) DELAY R ne ° 


CONTROLLER O 














RE AD 
ADDRESS 
COUNTER 







WRITE 
ADORESS 
COUNTER 





(8) NTSC/PAL 
DEL 


cK @ WCLR 
RCLR 


Pin Configuration (Top view) 


Vop I5 l6 17 la NC CK DEL WCLR RCLR Qs Q7 Qe Q5 





14 13 12 i S1 S2 S83 ee: Q1 Q2 Q3 Q4 =Vss 
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Pin Description 


Data input pins. Data set up time and hold time are determined from 
the rising edge of the clock. 


These are small delay steps setting input pins. The setting number of 
the delay steps is determined by the cycle of the clear signal and the 
level of S1 to S3. At this point, the clear signal sets rough number of 
delay steps of every multiple of 8 bits. However, pins S1 to S3 set delay 
step of 1 bit-unit with 8-bit width. 














An input pin which selects the number of delay steps either 905 to 
912 bits or 1129 to 1136 bits when the DEL pin is set at'’H” level. The 
905 to 912 bits of delay steps are selected when it is at‘'H” level and 
1129 to 1136 bits of delay steps are selected when it is at “L” level. 


NTSC/PAL 







An output enable input pin. The data output pins (Qi to Qs) become: 
into output mode when they are at “L” level. They become into high 
impedance state when they are at ‘‘H” level. 













These are data output pins. The outputs against the respective inputs 
of l1 to la correspond to Qi to Q4. The access time is determined from 
the rising edge of the clock. 


10-13 Qi - Q4 





rs 
< 
7) 
i?) 


A grounding pin. 


Data output pins. The outputs against the respective inputs of Is to ls 
correspond to Os to Os. The access time is determined from the rising 
edge of the clock. 


g 





A clear signal input pin of the read address counter. It becomes into 
input mode when the DEL pin is at ‘’L” level. The signal is input into IC 
at the rising edge of the CK. The signal input from the RCLR pin is 


or 
. 


ignored when the DEL pin is at “H 


A clear signal input pin of the write address counter. It becomes into 
input mode when the DEL pin is at “’L” level. The signal is input into IC 
at the rising edge of the CK. The signal input from the WCLR pin is 
ignored when the DEL pin is at ‘’H”. 





° 
= 
O 
r 
me) 





An input pin which selects the external and internal clear signals. 
When at“’L’, it becomes into external clear signal input mode and the 
number of delay steps can be set at any bit from 17 to 1144 bits. When 
at “'H’”, it becomes into internal clear signal using mode and the 
number of delay steps can be set at any bit from 905 to 912 bits and 
from 1129 to 1136 bits. 


A clock input pin. The I/O timing of the respective signals and the 
delay step, etc. can be defined against the clock input from this pin. 


No 
O 
m 
ms 


NO 
NO 
oO 
A 


NO 
w 
= 
O 


Non-connection 


Data input pins. The data set up time and hold time are determined 
from the rising edge of the clock. 


Vpp The power supply pin (+5V). 


24-27 


NO 
10.0) 


oY 
NO ce | 
_\ 
~ £ 
aw 
O 
rT 
pv) 
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Electrical Characteristics 


(1) DC characteristics Vop=5.0V, Ta=25°C 


Power supply current (Active) <a 
Input leakage current 


Vin=OV Vobbd 
loH=—400 UA 


loL=4.0mA 


Output leakage current ee 
Output voltage ‘’H”’ level en 
Output voltage ‘’L” level 





(2) AC characteristics Vop=4.5V to 5.5V, Ta=O°C to 70°C 


(Regarding the timing chart, see next page.) 


Bn noid w oe ew 


Clock frequency = a 


From clock input to output is 
data determination atte 


Min 
| 
From OE input to output E36 | 
= 
Le 













data determination 


(3) Pin capacity Ta=25°C, fM=1MHz, Vin=VouT=OV 


Input pin capacity se 
Output pin capacity 
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Timing Chart 

(1) The input signal levels are at the low level = OV and at the high level = 3V, and 5ns for both 
rising and falling edges. 

(2) The voltage judging level of the low and high levels is 1.5V 


nou w LOK XZ. 


| ‘tdsu — tdh 
<_< __—___—-> 


CK 3V Peer arm 
OV 


3V 
WCLR RCLR \ A 
OV | \ 


| tesu tch 


a er 
OV | : 
! | 
j { 
$$$} 


3V 
CK A \ 
OV 
| 
gna 
Low 


Low and high represent 
output levels of IC 





Output data Q1toQ8_—— High Ul ——- GLP ! Tl 


Low 
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Application 


av 


1H delay line (Delay steps 905 to 912 bits, 1129 to 1136 bits) 

Since a clear signal generation circuit is incorporated in the CXK1202S, an external clear 
signal is unnecessary when it is used as an 1H delay line. By selecting the DEL pin (pin 21) to 
“H" level and the OE pin (pin 9) to “L” level, they can be used as the delay lines of the delay 


steps as shown in Tables 1 and 2. 
A circuit and timing chart when they are used as the delay line of the delay step 908 bits are as 


shown in Figs. 1 and 2. 
ee (pin 8) pin is at‘ 
Delay step 


za 
—j 
wn 
Q 


PAL (pin 8) pin is at‘ 


Delay step 








ae 
NO 
“| 
Le) 





fe SE rr Er 
TC .. E ee ie 
(oor Ee rr ae 
SL. rr er Ee arse 
TIT~TTITrFrereer 





ale jake I ede, cakes 





<— 


Table 1. Delay steps when NTSC mode _ Table 2. Delay steps when PAL mode 


CK 






Vop or GND 












CK DEL WCLR RCLR 


3 8 CXK 1202S nee 


NTSC/__ 
Si S2 S3 PAL OE 






@ 





CK 


DATA 
IN 


DATA 
OUT 





Fig. 2 Timing chart of 908 bits delay 
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2. Delay line (Delay step 17 to 1144 bits) 
By setting the DEL pin (pin21), NTSC/PAL pin (pin 8), and OE pin (pin 9) to“L” level, they can 
be used as a delay line of delay steps 17 to 1144 bits. 
The delay steps can be determined by the clear signal and the input level of S1 to S3. The clear 
signal is input always every 8n (n is an integer. n=1, 2,....141) clocks. At that time, the 
obtained delay step is either one from 8 steps of 8(n+1)+1 to 8(n+2) bits. The selection is 
performed by Si to S3 pins. The number of delay steps to be obtained by the input levels of S1 
to S3 are tabulated in Table 3. 
For example, when used as a delay line of delay step of 123, it is written as 123=8(14+1)+3 
and it becomes n=14. Accordingly, input the clear signal every 8X14=112 clocks and set the 
Si, S2 and S3 pins respectively to L’, ‘““H” and ‘’L” levels and it can be used as a delay line of 
delay step of 123 bits. The circuit and timing chart at that time are respectively as shown in 
Figs. 3 and 4. 


8(n+1)+1 
8(n+1)+2 
8(n+1)+3 
8(n+1)+4 
8(n+1)+5 
8(n+1)+6 
8(n+1)+7 
8(n+2) 


L L 
H L 
L H 
H H 
L L 
H L 
L H 
H H 


ee: 2b: 2. Ze srr ee 





Fig. 3 Circuit of 123 bits delay Table 3. Delay steps when clear signal is 
input every 8n clocks 





112 113 «1140-19516 OB O49 = «6120012412213 
re) 1’ 2' 3° a’ 5! 6’ 7’ 8" 9’ 10 1 12' 13° 14° 





Fig. 4 Timing chart of 123 bits delay 
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3. Special Application Example — Data Holding 

Since SRAM is incorporated in the CXK1202S, data holding can be carried out. However, it is 
unable to perform random access of the held data. The maximum data holding amount is 1120 
words X 8 bit. 

The data holding can be carried out by controlling the input timing and clock of the WCLR and 
RCLR signals. Set to WCLR and RCLR signals input modes by selecting the DEL pin (pin 21) to 
“L’ level. By selecting the NTSC/PAL pin (pin 8) to “L” level, the maximum data holding 
amount of it becomes 1120 words X 8 bit. 


e Data writing in 
When the WCLR signal is input so as to fetch it at the rising edge of the clock signal, the 
write address counter is cleared and the data input at that moment is written into the top 
address. After the WCLR signal has been transferred to H” level from “L” level, the write 
address counter is incremented and the data are recorded in the order they have been input. 
If there are data, which are desired to be written in, up to i-th (i is an integer. i=O, 1, 
2...1119) and when the condition is 8mSiS8m+7 (m is an integer: m=O, 1, 2,... 139), 
input the clock signals up to8(m+1)+2to 8(m+1)+7 counted from the WCLR signal input 
and it becomes necessary to stop the input of the clock signal there-after. (Fig. 6) 
Note) «+ Be sure that if the clock signal after 8(m+1)+7th clock signal is not stopped, it 
keeps counting on as if there are input data. 
e When the clock is stopped at other than 8(m+1)+2 to 8(m+1)+7, the power 
supply current is somewhat increased so it is desired not to stop it. 





Data read out 
When the RCLR signal is input so as to fetch it at the rising edge of the clock signal, the 
data having been held commence to output data after 8 to 15 clocks from that clock. The 
data are output in the same order as they have been written in. The data output 
commencing period is dependent on the levels of Si to S3 as shown in Table 4. 
A circuit example when data is output from after 11 clocks is as shown in Fig. 5 and its 
timing chart is as shown in Fig. 7. 
Moreover, the data read out once is held unless it is rewritten. 
Note) - If the RCLR signal is input during data writing, reading out from after 8 to 15 
clocks is possible. At that time, input the RCLR signal after 8k clocks (k is an 
integer. k=1, 2, 3,...141) from the WCLR signal input. (Fig. 8) 
¢ Do not stop the clock while reading the data is being performed. 
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Hf Voo 


CK WCLR RCLR 


srarzcae|e 
zecrszce|e 
rarzeerr|® 





Table 4. 





Fig. 5 A circuit from the RCLR signal is 
input to the data output com- 
mencement 
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Output commencing period 


After 8 clocks 

After 9 clocks 

After 10 clocks 
After 11 clocks 
After 12 clocks 
After 13 clocks 
After 14 clocks 
After 15 clocks 











Number of clocks when the RCLR 
signal is input to the data output 
commencement (Make clock in 
which RCLR_ signal has been 
input to Q) 








— POE — 


Stop the clock between this interval. 


pe 


8(m+1)+2 Bl(mt+4 Bim++6 
2) 1 2 Bm-1 8m Bm+1 Bm+t2 Bm+3 Bm+4 Bm+t+5 Bm+6 Bm+t7 Bim+1) Bim+l) +1 } 8(m+1)4+3 } B(m4N45 ) 8(m+1)+7 
eK a Ug a i Te a a se 
' 1 { ] ' 
Lj Ll Lad 





WCLR Se ce ee ee a ee a ee 


aa (8m-1) (8m) VP BUR page gle (8m+7) 


DATA BKK KERALA ENAE SA VX ¥X YY AOA XX AIORARARAIONRARXRA RRR 


When data up to i-th (8m Si S 8m + 7) are desired to be written, 


input clocks up to 8 (8m + 1) + 2to 8 (m +1) + 7th Note) © i=0,1,2,...1119 


e m=0,1,2,...139 


Fig. 6 The data write in timing when they are being held 





ro) 1 2 3 4 5 6 7 8 9 10 1 12 13. 14 15 16 17 18 19 20. 21 22 
CK 
tesu 
RCLR ss toda 


My, Wi, Wy, Wo, Wo, Wo: ly Wy, Wo, Wl, Wp Ws A DD ED): DED DGD) (CD, ED; CD) 


Fig. 7 The data read OUT timing 
When S$1="H", S2="H" and S3="L" ) 
After 11 clocks outputs commencing period in Table 4. 





) 1 2 3 4 5 Bk-1 8k ss Bk. Bk+2)0Bk+S—-BKHABKES «—BkK+G  BKET -BLkH) (KH B(kHH2 B(kH)43 BlkHt4 BIkHHS AkHHG 
CK 7 Oo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
WCLR . 
RCLR 
tdsa al Ral 






% 
Y 


YTD KO} 


Fig. 8 The timing of data read out while writing in data 
(When S1="H”", S2="L" and S3="L") 


Note) k=1,2,... 141 
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t Boards 


ircul 


Evaluation Printed C 




















_ 4) Evaluation Printed Circuit Boards — : _ 











Type 


CX20017 PCB CX20017 Evaluation Board 


3 
3 

3 

3 







Ara tdacksuK}PC8 |  8bit 1OMHz A/D Evaluation Board 328 
CX23060 PCB CX23060 Evaluation Board 336 
CXA1016P/K/UK | oag. Mc ate 

Sgro de PCB 8bit 5}0MHz/30MHz A/D Evaluation Board 


FCX20220A-1/-2 10bit/9bit 20MHz Sub-ranging A/D Converter 5D 
Evaluation Board 
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CX20017 Evaluation Board 


Description 3. Power supplies 
CX20017PCB is the evaluation board for — £15V (+15V — 100mA, 
CX20017, Dual 16 bit, 44 kHz, Multiplexed D/A. —15V — 200mA) 


This board consists of CX20017, a pair of Sample 

Hold Amplifiers (Deglitchers), an Analog switch, a 2) The interface connectors 

pair of LPF, and a pair of output drive Amps. AMP, Inc MTA-100 Closed End Housings 
— 6 Pin Connector 
— 3 Pin Connector 


1) This PCB requires the following Input signals — 2 Pin Connector (x 2) 
and power supplies 
1. The digital control signals 3) The output from the PCB 
— BCLK TTL input 1. L.OUTPUT 
— WCLK TTL input 2. R.OUTPUT 
— LRCK TTL input 
2. Data input 4) CX20017PCB Block Diagram 
— DATA TTL input 





LATCH (1.4MHz) © 
LRCK (44.1kHz) © a 
WCLK (88.2kHz) © 
BCLK (1.4MHz) © 
DATA O 
GND O 
R.OUTPUT 
OO 
+5V 
|.SET 
+15V O—®IREG. +5V 
-15V REG. —5V 
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44.1kHz 
58.2kHz 
1.4MHz 
DATA 


AE 


—— 80E — 





L1 ipnH 
C1 18pF Shame 
D 
Xtal 
35 to 40MHz 
47 
DGND 28 e 


CIN 27 er Sp 5 
CIN 26 


1/2 LF. 
COUT 25 Spree 
1002 
DC BIAS 24-3 
DCL 23 i 
DGND 21 
AVEE 20 
19 4.7p 4.7K 


iets 0 na nee 
1OUTR 17 
oc ae 
DCR 15 


R47 SET 50K 


1/2 LF353 


30K 


+15V —5V 
+5V 





GND 


—15V 





Fig. 1 CX20017PCB Schematic Diagram 





Lch 
© OUTPUT 


LF356 ‘i 


Rech 
OUTPUT 


1/2LF353 —**_ pg 3} 


1.8K 4.7K 


+5V -5V 


Polystylen capacitor is recommended to use. 


** The one manufactured by Murate Mfg., 
AFL89WB 20000C3. 


89d2L002X9 


‘ANOS 


CX20017PCB 


— 


B 


=n 
0@ 


OUT 
Lech 


LF353 


=) 


2SK152 


Fig. 2 CX20017PCB Check Points 
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Unit: mm 


137 
147 


© R.BIAS 








CX20017PCB 


1. CX20017 Adjustment 

Fig. 2 shows the adjustment points (A, B, C). Point 
A is the drain of the FET (2SK152). Points B and C 
are the Lch and Rch Outputs respectively. LRCK is 
the same signal as WCLK in A/D Converter. When 
the maximum Input (10 Vp-p) is supplied to A/D, a 
max. digital input data (01 — 1 to 10 — QO) is 
supplied to D/A data input (10 pin of CX20017). We 
will adjust both outputs to 10 Vp-p. The following 
are the adjustment procedures: 


1) 1. SET 
Check point A. Adjust the variable resistor |. SET 
to get the 6 Vp-p output level. (See Fig. 3). 


2) L. BIAS and L. GAIN 

Check point B. Turn the input level to O Vrms and 
adjust the variable resistor L.BIAS to get the O level 
output offset. 

Supply the max. input 10 Vp-p to A/D and adjust 
the output level to 10 Vp-p with L.GAIN variable 
resistor. 


3) R.BIAS and R.GAIN19c 

Change the check point to point C, and repeat ad- 
justments with R.BIAS and R.GAIN variable 
resistors. 
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Fig. 3 The Waveform at Point A 
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CX20018 Evaluation Board 


Description 

CX20018PCB is an evaluation board for 
CX20018, Dual 16 bit, 44 kHz, Multiplexed A/D. 
This board consists of CX20018, a pair of Sample 
Hold Amplifiers, 84.6 MHz MCLK Oscillator Circuit, 
and +5V Voltage Regulators. 


1) This PCB requires the following Input signals 
and power supplies 


1. The digital control signals 


— BCLK TTL input 
-—CC TTL input 
2. Analog Inputs 
—Vin1, Vin2 10Vp-p max. 
3. Power supplies 
— +15V (+15V — 100mA, 


—15V — 200mA) 


The interface connector for the PCB is recom- 
mended to use 22 positions edge connector, sup- 
plied by AMP, Inc or the other vendors. 


CX20018PCB 


2) The output from the PCB 


1. DATA OUT 
2. fMCLK/n 


TTL output 
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CX20018PCB Schematic Diagram 
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Pe eee ee 
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| O 
Si) 2 
| 5 ee a ae 
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CC 


fMCLK/N ( ) 
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VR8 
iC1 to6 LF356 


VR7 


0.1 


DGND (_ ) 


1000pF 


CSH 





CX20018PCB 


On DO oO fF W DY = 


=_ — © 
+ O 


sdk ea 
QO nm 


14 


Md 
Vdd 
Ud 
Yb 
Vb 
Uda 
UM 
Wht 
Whi 
W000 
ddd 
Wt 
ltt. 
Ws 


WY 
18 YZ 


17 
18 
19 
20 


Md 
ptt ttt 
Wt 
W000 


21 


22 


Vdd 


DGND 


DATA OUT 


DGND 
BCLK 
DGND 
fMCLK/N 
DGND 
CC 
DGND 
DGND 


AGND 
AGND 
VIN1 
AGND 
VIN2 
AGND 
AGND 
—15V 
AGND 
+15V 





Pin Configuration for PCB 
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CX20017/18 Adjustment Procedure 


Fig. 1 shows the test system for CX20018PCB and 


CX20017PCB. 


















CX20018 
PCB 


Low distortion 
S.G. (HP-339A) 


1kHz Sine wave 





Timing 
Generator 


SONY. 










CX20017 
PCB 


Distortion 
Meter (HP-339A) 


Oscilloscope 


Fig. 1 Test System 


1. CX20018PCB Adjustment 


CX20018PCB consists of 2 S/H and A/D, and 2 
channel! signal can be converted to a serial digital 
signal. Adjustment should be achieved for both S/H 


respectively. At first adjust Vin1. 


Fig. 2 Point A Waveform 


2) Check either L.OUTPUT or R.OUTPUT of 
CX20017PCB. 

Adjust VR5 and VRQ to get the maximum output by 
eliminating a clipping waveform. VR5 is DC offset 
adjustment volume and VRQ is Iset adjustment 
volume. 


C 
Csh 
B 
e@ 


Integrated 
waveform 


Cc 


1) Check point A. (IC4 Input) 
Input analog signal level at point A should be ad- 
justed to 10 Vp-p. (See Fig. 2) 





3) Check point B (IC5 output) and CC. (Pin8 of 
CX20018PCB) 
Adjust VR4 to get the integrated waveform. (See 
Fig. 3) VR4 is the adjustment volume for the settling 
time of S/H. 


gf 


When the sinusoidal waveform is observed 


Fig. 3 Integrated Waveform at point B, magnify the range of time base. 
T 


hen, the integrated waveform will be ob- 
served. 





Bide: 


CX20018PCB SONY. 


4) Check point C. (IC6 output) 

Adjust VR6 to get the waveform at point C as the 
waveform in Fig. 4. After this adjustment, check 
CX20017PCB output. 

if the output waveform is clipped, adjust VR5 to 
eliminate this clipping. 


a =e —2to—3V 


Cc 


zi 
x 





n/n 
leah ea) 
ima 


IC6 
Fig. 4 Point C Waveform 


5) Check the waveform at the monitor output of 7) Adjustment procedure for Vin2 and the other 
the distortion meter. VR8 is the refference voltage S/H circuit is just the same as the procedure (1 
adjustment volume. through 6). However do not touch VR9, because 
Adjust VR8 to get approximately —90 dB distortion _ this volume is shared for S/H1 and S/H2. 

level. 


6) Adjust VR4 again and get the distortion level 
less than —90dB. 
(See Fig. 5) 


L.OUTPUT or 
R.OUTPUT 





a, OE Rin AMR, LD an BI 


Fig. 5 Distortion Level (—90dB) 


Distortion 
waveform 
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CX20018PCB Block Diagram 


CX20018 
CSH1 


eT | +p PE. 
1 DATA 
- 7 a" 
CSH2 O r 
3 SW3 6 BCLK 
(7) ore i > >O ) 
a 


an 
‘ Counter 
(2) 







7 bit 
Register 











2 1 
SW5 
lout2 Sw4 SW6 
Timin 
lo io Circuit G4) McK/n 
cc : 
G0) (21 
O X’TAL 
Fig. 6 ( )---Pin Number of CX20018PCB 
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2. CX20017PCB Adjustment 


Fig. 1 is also the measurement system for 
CX20017PCB. Fig. 8 shows the adjustment points 
(A, B, C). Point A is the drain of the FET (2SK152). 
Points B and C are the Lch and Rch Outputs 
respectively. LRCK is the same signal as CC in A/D 
converter. When the maximum input (10 Vp-p) is 
supplied to A/D, a maximum digital input data (01 — 
1 to 10 — O) is supplied to D/A data input (10 pin of 
CX20017). We will adjust both outputs to 10 Vp-p. 
The following are the adjustment procedures: 


1) |. SET 
Check point A. Adjust the variable resistor |.SET to 
get the 6Vp-p output level. (See Fig. 7.) 


2) L.BIAS and L.GAIN 

Check point B. Turn the input level to O Vrms and 
adjust the variable resistor L.BIAS to get the O level 
output offset. 

Supply the maximum input 10 Vp-p to A/D and 
adjust the output level to 10 Vp-p with L.GAIN 
variable resistor. 


SOL 
S6 
ZLOO0eXO 


Fig. 7 The Waveform at Point A 





3) R.BIAS and R.GAIN 


Change the check point to point C, and repeat ad- 
justments with R.BIAS and R.GAIN variable 


resistors. 


SUPPLY 


—15V 


+15V 





137 


147 


Fig. 8 CX20017PCB Check Points 
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3. Timing Generater 





Fig. 9 shows the example of the Timing Generater 
circuit. Fig. 10 is the timing chart for this circuit. 


Loch OUT 


Rch OUT CX20017PC 


Fig. 9 Timing Generater 


* The frequency of CP is 10.58MHz when VR10 of 
CX20018PCB is adjusted to —4V. 








CP aaneeakiany 
(10.58MHz) 
BCLK Httt ---- 
(1.32MHz) 
CC 
(41.31kHz) 
BCLK —_——— 
LRCK 
WCLK Ei 2 7 
(82.62kHz) 
i Vin2 
CX20018PCB ile 
Input 
Data 
out1 
Output 
CX20017PCB Reh IN 
Input 
Rch OUT Loch OUT 
Output 


Fig. 10 Timing Chart 
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CX20018PCB DC Offset Compensation 
Circuit 


Monolithic A/D Converter CX20018 claims 16 bit 
resolutions for audio signal processing. However, if 
the fairly high temperature stability is required, the 
following two issues should be considered: 


1. Temperature characteristics for the integration 
current 


2. DC offset compensation 


1. Temperature characteristics for the 
integration current 


The pair of integration current, lo and io has tem- 
perature dependence. If the current source Iset is 
held in the fixed current level, and measured the 
current ratio lo/Iset and io/Iset, both the tempera- 
ture coefficients are around 90ppm/°C (typ.). As 
shown in the following figure, the integration time 
will be reduced for the same Input signal level when 
temperature comes up. 


Assumes the following parameters: 
T: integration time 

V: threshold voltage 

Csh: Sample-hold capacitance 

I: Integration current 





SONY. 


|1/Csh should be kept constant for temperature 
change. If the temperature coefficient for lo/Iset, Iset, 
and Csh are defined as EI(Ei), Es, and Ec Total 
temperature coefficient is 


Etotal=EI+Es-Ec 


Because of insuring high reliability CX20018PCB 
adopted the polystyrene capacitors for Csh. The 
temperature coefficient is around —160 ppm/°C 
(typ.). Current source Iset is adjusted by the volume 
VRQ. To minimize the value of Etotal, this volume 
should be replaced by the fixed value resistor 
having the positive temperature coefficient. 


For example, a metal film resistor has around 100 
ppm/°C temperature coefficient. Etotal will be 
around 150 ppm/°C. To minimize the value Etotal, 
use the polycarbonate capacitor having the positive 
temperature coefficient. 
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2. DC offset compensation 


There are several factors to be considered to com- 
pensate DC offset, including the offset of CX20018 
internal comparators, external OP amplifiers DC 
offset drift, and so forth. 


There is one idea to compensate the total offset 
crift. 
The recommended circuit is shown in Fig. 1. 


Sin wave 
Input 


MSB 


SONY. 


* Circuit operation 


Any audio signals can be separated into several 
components of the sine wave signal. 


Pick up one sine wave signal. 

When this signal is digitized, MSB will be high 
level for the signal portion above @ level and MSB 
will be low level for the signal portion below ¢ level. 
(See A in Fig. 11) 

If there is DC offset, MSB waveform will change to 
B 


with no offset | | 


MSB 


with offset | | | 


In Fig. 11, integration OP amplifier output. 

Stays ¢ level when there is no DC offset. 

lf there is positive DC offset, the negative feed- 
back signals come back to the limiter amplifier, IC3 
or IC6 respectively. 
Adjust the trimming resistor (1 MQ) to get to the 
minimal DC offset. 


Fig. 12 shows the timing chart of the compensa- 
tion circuit. 
D Flip Flops are used to sample MSB digital output 
for Vin1 and Vin2. The signal output at point B and 
C are corresponding to the DC offsets for Vin1 and 
Vin2. 
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Test Circuit 
DATAOUT 


SN74LS74N x 2 B 


CX20018 DQ Dal. 
Q 





CX20018PCB | DC Offset 
Compensation Circuit 


Fig. 11 


Timing Chart 


a cr ra 


MSB MSB 


pomta fC 


_—_—_—_———enel, 
Point B X ) X 
et etemmemnencnmemmal 


aor, —_—_—_—_ 





Point C 


Fig. 12 
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SONY: CX20052A PCB-3A/3B 


8 bit 20/15 MHz A/D Converter Evaluation Board 





Description 

CX20052A PCB-3A/3B is an 8 bit A/D converter board for video signal processing. A high speed S/H IC 
CXA1008P/1009P and a high speed 8 bit A/D converter CX20052A are assembled on single small printed 
circuit board. 
CX20052A PCB-3A with CXA1008P mounted, operates up to 20 MHz of conversion rate, and CX20052A PCB- 
3B with CXA1009P mounted, operates up to 15 MHz of conversion rate. 


Features 
e Resolution 8 bit +1/2 LSB 
eConversion rate 20 MHz CX20052A PCB-3A 


15 MHz CX20052A PCB-3B 
e Analog input level 1Vp-p 























°Digital output level © ECL level r=] 
e Power supply +5V D 
o 
Cc 
re) 
Qa 
= 
ee 8 
Voffset ADJ 8 
VAi CLK IN 
A/D 
Vref ADJ 
VRo2 
cas seses 
® 
5°) 
io) 
©) 
& 
o 
xo) 
| B 
TOP VIEW 
Unit: mm 





CX20052A PCB-3A/3B Pattern 
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CX20052A PCB-3A/3B SONY. 


. Voffset ADJ o VIN 
1. Block diagram Viet 


ows 


—5V + 5V a 


6dB AMP a 


Switch 
control 


Sampling & Hold 


\/ CXA1008P/1009P 
Vref ADJ 7 ’ : 


Veo +5V 










—5V 


t 


S/H out 


R (to be adjusted) 







Reference voltage resistor string 


Lower-level com- 
ae parator (15 pieces) 


K 
Clock buffer i | Lower-level encoder 
7 CLK Lower-level 


AID 
converter 
Reference 1Cx20052A 








Upper-level 
comparator 
(15 pieces) 





Reference voltage 


















Upper-ievel CLK 
output buffer CLK 





CLK output buffer 


Z LSB Ds Dr De Ds 0s D3 D2 Dy MSB 


Digital output 





CLKout CLKout 
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2. Characteristics 
1. Supply Voltage =e = 25°C, <x = —5V, Vcc= om 


Symbol | Unit | 


CX20052A 

PCB-3A 

CX20052A loc 

PCB-3B lee mA 


AC Input Voltage Amplitude 

Offset Adjustable Range 

Input Impedance 
CX20052APCB-3A 
CX20052APCB-3B 








2. Analog Input (Vin) 





3. aia; Input (CLK IN) 





ae Voltage (p-p) a 0.8 
Input Impedance ZINCL 


4. Digital Output (D1— D8) (1.5kQ to Vee) 











Output Voltage 


Output voltage pipe’ 


Fall time xm 
CLK Delay / om | 20 


Rise time 








394 = 


CX20052A PCB-3A/3B SONY. 


3. Timing Chart 


TCH TCL 


CLK ref ; ‘ 


CLK IN~ 


—_—— ae ane om — —_ oe eee 


(SAMPLE) 


(HOLD) 


Sampling pulses 


Sampling/hold 
waveforms 


CLK OUT 





CLK OUT 
(A/D) TE 
output 
output | [ 
TD 


TH shows a timing when the A/D latches upper 4 bits. 
TL. shows a timing when the A/D latches lower 4 bits. 





Data delay 








CX20052A PCB-3A/3B SONY. 


4. Adjustment 


(1) Offset Voltage (Voffset ADJ) 

VR: should be adjusted so that the S/H output meets the input voltage range of the A/D (0 to —2V). 
(2) A/D reference voltage (Vref ADV). 

The reference voitage of the A/D (TP5) is to be —2V. VRe should be adjusted. 


5. Output Data Format 


The input of the A/D converter IC (S/H out) is quantized in 8 bit within the reference voltage range of Var 
and Vrs. The Vat and Ves are set at OV and —2V respectively on the printed circuit board. 


A/D input signal voltage Digital output code 


.0000V 
.0000V 


10000000 
0111111471 


-0O000V (Vre) 00000000 
-0000V 00000000 





6. Note on application 


(1) Although the pull down resistors (RL: 4.3kQ) are mounted on the PCB, additional pull down is recom- 
mended in an external circuit. The output current at the A/D output terminal should not exceed 10 mA. 
(2) Digital output data should be latched by an external circuit to achieve a rated performance. Output data 
can be latched at a rising edge of CLKout. 
CLKout AND CLKourt should be reshaped by an ECL line receiver such as MC10116 in an external circuit. 
(3) The reference voltage is derived from the Vee by a simple resistor dividing network. The power supply 
(+5V) should be stabilized to reduce voltage drift of the reference voltage. 
(4) To reduce CLK leak, use waveforms similar to sine waves as far as possible up to the CLK 
input. For satisfactory operation, a CLK input amplitude of around 300m Vpp is enough. 
(5) When the S/H input deviates over 1.2V during one sampling period, the output may contain 
errors. 
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CX20052A PCB-3A/3B Circuit 











Low 
14 O+0O -5V “ee 
@ Pee 
wv, 
A__0:_MSB yt) ‘ 
° ud 
owe 7 O a Be 
+svot—o Jp a] | Digital 
<> sw] [output 
VINO ue <sun@ 2S OC) Ne 0 p 
xa O 
"-5VO Od 









z 
Voftset See 4S i 
ADJ 2K $15005 8 . : 
+5VO () S 
Olu SEs C) 
YH © On CLK 
Lk : Pou [|g 
CLKin 510 6 6 


5K 
56 Om 6 24 


©) 
ro) 
~*~ 
| pee 
[Se 
< —_ 


+5V Vref ADJ By 


*1. Ris aringing preventing resistor. Select between 10 to 500 according to pattern length. 
*2. Pulldown R for Vref. 

*3. Ri = 4.3k0 

“4. Ri = 2k, VR2 = 2kQ, R2 = 1k 
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CX20116 PCB/CX20116U PCB 
CXA1066K PCB/CXA1066UK PCB 


8 bit 100 MHz A/D Evaluation Board 








Description 7 
The CX20116 PCB/CX20116U PCB/CXA1066K PCB/CXA1066UK PCB are the evaluation printed 
circuit boards for 8 bit high speed A/D converter CX201 16/CX20116U/CXA1 O66K/CXA1066UK. On this 


one board, A/D, driver, standard voltage source, latches and ECL line drivers are mounted, and this PCB is 
designed to achieve the best performance of the A/D converter. is 









ie aa aD SA eric ar Gals vend sh pea ane Se amet meen eee = 
r 
| Fullscale —-12V 
| ; MINV 
—OV O 
| MINV LINV 
| 3 
aa VRB LINV ! 
DotoD7 
| 3 5 S : 
Vs | 1K vin} = 5 2 a 
_ o- ee 
| 281 Nu < ~d -1 @ DotoD7 
x (—2)} <x O Os 
| 07 ( ) Oo Lu Lu J 8 l O 





CONV 10.01 uF | 


"1 $s = i | CLKout 
©) 
| Delay eS ; 


| 1to10ns = | GLKout 
Lt tf i ----——---* f-fH 
GND 


+12V —-12V -5.2V GND —5.2V 
Analog Digital 

PCB Characteristics 

@ Analog input band width 40 Mz (at —3 dB) 

@ Analog input impedance 750 


@ Complementary ECL output 
@ Clock output (Delay time O to 10ns adjustable) 


Supply Voltage 

@ Analog +12V 80 (Max.) mA 
—12V 80 (Max.) mA 
—5.2V 250 (Max.) mA 

@ Digital —5.2V 460 (Max.) mA 


1. Analog Input (Vs) 





peak to peak 
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2. Convert Input Signal (CONV) 





* peak to peak 


3. Control Input (MINV, LINV) 
ECL 10K compatible 


4. Digital Output (DotoD’, DotoD>) 
ECL 10K compatible, complementary output 


5. Clock Output 
ECL 10K compatible, complementary output 
Delay time adjustable 


6. Timing Chart 






Vs 


CONV 
A/D 





CLK 


oo oo -/ 
A/D Output pin 
Data out| XN=1 | XN XN 


arm} | | | 
PCB/Output pin 


pataout| KN-2 + Xn | SCN 











Clock Delay Adjustable Range* 





x 


Adjustable in 1ns step by taps 
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7. Output Coding 





1: ViH 
O: Vit 
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8. Adjusting Method of Clock Output Delay Time 


Clock output delay time can be adjusted by jumper wires position on the PCB. 


Tap positions should be changed simultaneously in CLK and CLK, avoiding the effect of waveform 
distortion. 


Delay time in each taps are 1ns. 


Jumper wires 
(Example of delay time 4ns) 





B1 


v 


Linearity ‘c ' VR3 


Cn 
“ 
~~ 


Offset 


A36} B36 


9. Note on Application 


9-1. GND, VEE 
Avoiding the noise effect, GND and Vee are separated in the analog and the digital system 
respectively. Take care not to happen potential difference more than 50 mV between the both systems. 


9-2. Termination of Digital Output 
Termination resistance of digital output is not mounted on the PCB. To prevent waveform distortions 
by reflection, it is recommended to terminate on a PCB that receives the signal. 
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CX23060 Evaluation Board 


Description 

The CX23060PCB is an evaluation board for 
the 10 bit 1 chip A/D-D/A converter CX23060. It 
incorporates all parts required for the conversion 
operation and the variable resistors on the board 


CX23060PCB 


have been preset to a reference value before 


shipment from the factory, allowing users to 
evaluate the 10 bit D/A-A/D conversion by 
supplying the control clock in accordance with a 
specified timing format. 


CX23060PCB I/O Assignment (Top View) 


8 pin connector for the input/output of control 
clock 


Data I/O 
Word Clock 
Bit Clock 
Mode Select 
Master Clock 
NC 

+5V 

GND 


O 
x< 
N 
w 
© 
2) 
Oo 


ONOAIARAON = 





2 pin X4 connectors for the input/output of analog 
signal 
GND 
Ch.1 Analog Input 
GND 
Ch.1 Analog Output 
ND 


Ch.2 Analog Output 
GND 
Ch.2 Analog Input 


ONoOAThON™ 
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CX23060 PCB Circuit 





5V 
O) 
Le (28) Data O) 
ie a a 
BCK 
ae (25) Mode O 
_ i MCK e 
E 10u 
@ C) 5V 
ro) 
0 
AA, Se E 100p 
¢ S) r 
100. 
+ 
+ 
; (——} CO) 
22uX2 RIN 


3.3K 3.3K 
i 
10 

+1 10u 
ROUT 
a 

39K 22KB 10K 10K 22KB 39K 

2.7K 2.7K 


wee 


TRE 


Block Diagram of 10 bit AD/DA CONVERTER 


Gdd090E2X9 







L channel - L channel Snore =e $2 > S = S 
Aperture input Aperture Output Input g 3 o a . ° 
Oo Oo QgR® 
L channel Integrator Integrator © @ of 8 
Offset Input Output < a 
-----Or- -—O------ OQ- —---O--- - -- O- -O- — -0-0-0-0- - - - 4 


Current 


L channel a 
input 
Source 


a 


Timing 
Generator 








d S 2 7 
— =] & '. Data 
R channel O 8 2 a Input/Output - 
Input ro) ® ! 
| | 
| 
a er eee Se PETES CO a ED a ye ee eae 
R channel Analog Reference Reference 
Offset Reference VoltageH VoltageL 







R channel 
Sample/Hold 


R channel R channel input 


Aperture Input Aperture Output 
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CX23650 Test Signal Generation Circuit 


LSO8 1/4 


Go. UI aro ops 


Vcc CP MR Qo Q: Qe Q3 
> />0 


LS393 
LSO4 1/6 












CP MR Qo Q: Q2 Qs G 


220 


Vcc CP MR Qo Q: Qe Qs 
LS393 


CP MR Qo Q: Q2 Q3 G 












MODE (5V/0V) 
O WCK (31.25 KHz) 
> O O BCK (625 KHz) 
O MCK (10 MHz) 


® The CX23060 operates as a D/A converter by setting the MODE signal to 5V and as an A/D converter by 
setting to O V. Its DATA I/O terminal is connected to the internal tri-state buffer allowing external data to 
be input in the D/A mode and output in the A/D mode. Input/Output data are 10 bit serial data starting 


with LSB and coded in 2’s complement. 


@ it is desirable for the above test circuit, where 10 MHz is used as MCK, to use an external resistor of 470 
kQ for pin 7. However, to obtain the optimum A/D conversion gain, this external resistor should be 510 
k(Q.. A/D conversion gain will increase about 5% of full scale level. 


@ The current set A/D analog input/output level is set to —10 dBs IN/OUT (about 0.245 Vrms). This means 
full-scale data are obtained when —10 dBs analog input is added to the LIN or RIN in the A/D mode. In 
the D/A mode, —4 dBs analog output is obtained when full-scale data are added to the DATA 1I/O 
terminal. The analog output level becomes —10 dBs a low pass filter 6dB insertion loss. 


G@9dd090E2XD 
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Timing Format for A/D Conversion 


40fH Bit Clock 
1.59us 


2fH af Ne ee Word Clock 


ep? 





— 5.9us Se ee 


3.975us—-+-—____—1 ae 





“Convert Command” is generated in the IC when Mode Select is set to “‘L” state with Bit Clock (625 kHz) 
and Word Clock (31.25 kHz) input to the CX23060. When this “Convert Command” is at “H” state, 
sampling the analog input is performed, and the A/D conversion is performed at “L” state. Since the 
CX23060 has a coarse-fine integrating A/D Conversion system, analog signal to the Sample/Hold Input 
while the Convert Command is at “H” state is sampled, and then the constant current weighted with the 
inverted analog signal is integrated when the Convert Command becomes at “L” state. By measuring the 
time integrated by coarse and fine constant currents, preset data on, the upper 6 bits and the lower 4 bits 
counters are determined. The counter data are set to the shift register when the Convert Command 
becomes “H” state again, and they are output serially with the LSB data leading in sync with the rising 
edge of the Bit Clock. 


Mode Select 


Convert 
Command 


Integrator 
Output 


Sample/Hold 
input 


Data Output 
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Timing Format for D/A Conversion 


40fH 


2fH 
“by” 


AVREF 


1.59us 


—_$ 1 5.98 





9.54us 3.975us = 


9.54us 3.975yus ‘al 


ee ee es ce ee eee C~C<C~SSt=‘“S; O;*~“s*‘“‘ iC; ;;‘Cé;7 SRt*t*tCi‘(i‘ 
ae ae iii. nee ee 


Discharge Clock and Aperture Clock are generated in the IC when Mode Select is set to ‘‘H” state with Bit 
Clock (625 kHz) and Word Clock (31.25 kHz) input to the CX23060. The DATA input starting with LSB are 
loaded into the shift register in sync with the fall edge of the Bit Clock and they are divided into the upper 6 
bits MSBs and lower 4 bits LSBs respectively and preseting the upper/lower counters. They start counting 
when Discharge Clock becomes “L” state and simultaneously the coarse and fine constant currents 
corresponding to the upper and lower counters are output. When the constant current output is integrated 
by an integrator, the D/A conversion is performed. When the counters are filled up, the counting will stop 
and integrating is simultaneously stopped, and the terminal voltage of the integrating capacitor at this time 
is sampled by the Sample/Hold aperture in the next stage while Aperture Clock is at “‘H” state and held 
while at “L” state. 





Bit Clock 


Word Clock 
Mode Select 


Data Input 


Discharge 


Aperture R 


Aperture L 


Integrator 
Output 


Aperture 
Output R 


Aperture 
Output L 
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Selection of parts to be used 


(1) 
(2) 


(3) 


(4) 


Use an integrating capacitor of less dielectric absorption (e.g.polystyrene) between Pin 4 and Pin 6. 
Adjust the 1 KB semi-fixed resistor so the reference voltage to be generated by the reference voltage 
IC (TI's TL430 or TL431) becomes 3.6 V. 

Tolerance of the three-division resistors, 750, 3900 and 1 kQ to give voltage to Pins 5, 20 and 21 is 
5% respectively. Approximate values of each terminal voltage is 2.5 V for Pin 5, 3.6 V for Pin 20 and 
3.4 V for Pin 21. 


Tolerance 1% is recommended for a 470 kQ) resistor (to be connected to Pin 7) which is an integrating 
current setting resistor giving the A/D conversion gain during the A/D conversion. 


Adjustment method 


(1) 


(2) 


(3) 


Use the 1MQB semi-fixed resistor connected to Pin 8 to adjust the playback level during the D/A 
conversion. (910 K is provided with CX23060PCB). Input digital data corresponding to the sine wave 
(1 kHz) of full-scale level to Pin 28 and adjust the 1 MOB so that the D/A output level of Lout and 
Rout becomes —10 dBs (0.245 Vrms). The maximum level difference between Lout and Rout channel 
is +0.3 dB. 


Adjustment of the A/D conversion gain during the A/D conversion is not described, but adjust the D/A 
output level of the reference DAC (adjusted to become —10 dBs output level described in (1)), when 
the analog input to be given to Pins 10 and 19 is also set to —10 dBs (0.245 Vrms). In practice, there 
are no correlation between analog input level of A/D and analog output level of separate D/A, because 
both A/D and D/A have deviations in conversion gain. So it is effective to change the analog input 
level of Pins 10 and 19 properly, or to provide a level adjustment amp to Pins 13 and 16. 

For the offset adjustment during A/D conversion, adjust the variable resistor (22KB), which is used 
with the resistors of 10 and 39K. In practice, adjust the 22KB so that the data output of pin 28 


becomes ‘“OOQOOQQQ0000” when the analog input of LIN and RIN are shorted to the ground. Least 
significant 2 to 3 bits may be affected by noise. 
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CXA1056P PCB/CXA1056K PCB/CXA1056UK PCB 
102)» 4 CXA1016P PCB/CXA1016K PCB/CXA1016UK PCB 
8 bit 50 MHz/30 MHz A/D Evaluation Board 


Description 

The CXA1056P PCB/CXA1056K PCB/CXA1056UK PCB/CXA1016P PCB/CXA1016K PCB/CXA1016UK 
PCB are the evaluation printed circuit boards for 8 bit high speed A/D converter CXA1056P/CXA1056K/ 
CXA1056UK/CXA1016P/CXA1016K/CXA1016UK. On this one board, A/D converter, driver, reference 
voltage source, latches and ECL line drivers are mounted, and this PCB is designed to achieve the best 
performance of the A/D converter. 





[et et ee ee | 
| Fullscale —12V l 
| | MINV 
—2V O 
| MINV LINV 
| O 
| & Offset | 
| ae - e | DotoD7 
® 
aed oO 
Vs | 1K oo 3 = 8 | 
| $81 L<i_a}| XX a ae | DotoD7 
| 7 OO LU Ww O 
| a 
CONV }0.01 uF | 





| 50 CLKout 
O 
| Ss 
t 
no ace ee ae : CLKout 
D 
+12V —12V —-5.2V oi GND —5.2V 
Analog Digital 
PCB Characteristics 
@ Analog input band width 20 MHz (at —3 dB): CXA1056P PCB 
15 MHz (at —3 dB): CXA1016P PCB 


@ Analog input impedance 750 
® Complementary ECL output 
@ Clock output (Delay time 0 to 10ns adjustable) 
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CXA1056P PCB/CXA1056K PCB/CXA1056UK PCB/ 
CXA1016P PCB/CXA1016K PCB/CXA1016UK PCB SONY: 


Supply Voltage 

@ Analog +12V 80 (Max.) mA 
—12V 80 (Max.) mA 
—5,2V 250 (Max.) mA 

® Digital —5,.2V 460 (Max.) mA 


1. Analog Input (Vs) 


ee 
ee 

Forsstasusasenaroe | as [0 | + |v 
Tmowmonsece Sst Sd sd 


* peak to peak 















2. Convert Input Signal (CONV) 


CXA1056P PCB 
CXA1056K PCB 
CXA1056UK PCB 


Pulse Width 


CXA1016P PCB 
CXA1016K PCB 
CXA1016UK PCB 





* peak to peak 


3. Control Input (MINV, LINV) 
ECL 10K compatible 


4. Digital Output (DotoD,, DotoD ) 
ECL 10K compatible, complementary output 


5. Clock Output 
ECL 10K compatible, complementary output 
Delay time adjustable 
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CXA1056P PCB/CXA1 056K PCB/CXA1056UK PCB/ 
CXA1016P PCB/CXA1016K PCB/CXA1016UK PCB SONY. 


6. Timing Chart 


) = 
CONV 2 ' 


a 
Data Delay 


Clock Delay Adjustable Range* 





* Adjustable in 1ns step by taps 


7. Output Coding 





1: Vin 
0: Vit 
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CXA1056P PCB/CXA1 056K PCB/CXA1056UK PCB/ 
CXA1016P PCB/CXA1016K PCB/CXA1016UK PCB SONY. 


8. Adjusting Method of Clock Output Delay Time 


Clock output delay time can be adjusted by jumper wires position on the PCB. 


Tap positions should be changed simultaneously in CLK and CLK, avoiding the effect of waveform 
distortion. 


Delay time in each taps are ins. 


Jumper wires 
(Example of delay time 4ns) 





A1/B1 


oO © 
worm 
Oo oO 
<< 
<x X< 
OO 


Offset 


A36/B36 


9. Note on Application 


9-1. GND, VEE 
Avoiding the noise effect, GND and Vee are separated in the analog and the digital system 
respectively. Take care not to happen potential difference more than 50 mV between the both systems. 
9-2. Termination of Digital Output 


Termination resistance of digital output is not mounted on the PCB. To prevent waveform distortions 
by reflection, it is recommended to terminate on a PCB that receives the signal. 
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CXA1056P PCB/CXA1056K PCB/CXA1056UK PCB/ 
CXA1016P PCB/CXA1016K PCB/CXA1016UK PCB SONY. 





CXA1056P/CXA1016P 





CXA1056K PCB/CXA1056UK PCB/CXA1016K PCB/CXA1016UK PCB 
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FCX20220A-1/-2 


10/9 Bit 20 MHz Sub-ranging A/D Converter Evaluation Board 






Description Features 
The FCX20220A-1/-2 is an evaluation printed e Resolution 10 bit + 1 LSB 
circuit board for the 10/9-bit high speed A/D con- (FCX20220A-1) 
verter CX20220A-1/-2. On this one board, A/D 9 bit + 1 LSB 
converter, sample hold, voltage reference and ECL (FCX20220A-2) 
line drivers are mounted, and this PCB is designed @ Maximum conversion 20 MHz 
to achieve the best performance of the A/D con- rate 
verter. Conversion up to 20 MHz is possible. e Analog input level 1 Vp-p 
e Digital input level ECL level 
e Digital output level ECL level 
e Supply voltage #12 
+5V 
e Analog input band 10 MHz 
width 
@ Analog input 760 
impedance 
Block Diagram 
[erg or en gna ee ee Cas eee See tg ps ee me tet = 
| 
Off set VR2 i 
| VR1. 5k l 
AM) +5V—WM 
| 
| a1 S/H Ni—) i: aan 5 i 303 
| VREF,T 7 ad 5 Opa 
| = 6 | 1 O05 
s fo ee 
| VR3 V REF N ae eT Spe 
| ic veers} O [—— Ope 
| San eee 0 D10(LSB) 
S/H YU | 
| CLK | 
| | 
| | 
| | 
| | 
| 
aS ag CLK Buffer Snr CUt seer 
| = CLK OUT —o CLK OUT 
: ] 
| | 
| 
| 
Le ch et se Ria ota Gata. acs eg Pe aes Be a eh as ae, Co Ne eee eae ae 4 


GND -5V +5V -12V +12V 
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FCX20220A- 1/-2 


Supply Voltage 














Min. Typ. Max. 
Faceonvoteeamenuse | ww | | 1 | 2 |v 
Forseasismvernee [| 2) fe |v 
re 


Digital Input 


Input voltage 


Input impedance 


Digital Output (D1 to D10) 
ECL 10K compatible (open emitter) 


Clock Output 
ECL 10K compatible, complementary output (open emitter). 
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FCX20220A-1/-2 


Timing Chart 


SONY. 





Sample N + 1 
Sample N 
Analog input ues 
Clock input 
Tcwo Tai 
Sampling pulse pels 
N+2 


me (Hold) 
N+1 
Tu N TL 
Sample hold 
waveform 
A/D clock 
Tp ieee | 


A/D data output 


Latch clock 
Tew [Tews 
Latch output —DataN— 3K ___DateNa2 N 
Ts; 


Clock output ee. a 


TH is the timing in which the upper level comparator compares VIN and VREF and latch the result. 
TL is the timing in which the lower level comparator compares VIN and VREF and latches the result. 






ee 
soniapiie wan |e | 
ee 
ee 
a 
a 







A/D clock pulse width *3 
A/D output data delay 


Latch output data delay LL ee 
Clock output delay Fo ow | 


Note) *1 Adjustable in 2ns step using taps of delay line 1 (DL1). 
*2 Adjustable in 5ns step using taps of delay line 2 (DL2). 
*3 Adjustable in 2ns step using taps of delay line 3 (DL3). 
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FCX20220A-1.-2 SONY. 


Output Data Format 


A/D converter input (S/H out) is quantized to 10/9 bit under the reference voltage range of VREF.T to 
VREF.B. VREF.T = OV, VREF.B = —2V are set on this PCB. 


(FCX20220A-1) 


. Digital output coding 
A/D input signal voltage MSB LSB 
123456890 10 





Adjusting Procedure 


1. VREF (Full Scale) adjustment 
Adjust VR3 (Full Scale), monitoring TP3 (VREF.B), for the voltage reading of —2V. 
2. Offset adjustment 
Apply sine wave of 1 Vp-p to VIN pin, and monitor TP2 (A/D input). Adjust VR2 (offset) so that the 
input voltage for the A/D is centered at —1V. 
3. Vgain adjustment 
Adjust VR2 (Gain) monitoring TP2 so that the input voltage for the A/D falls into the range of OV to 
—2V. 
4. VCC adjustment 
Check TP4 (Vcc) and adjust VR5 (Vcc adj) so that the voltage reading is around +2V. 
5. Dumping resistance adjustment 
Adjust VR4 (Damping) so that the A/D performs best result for the electrical characteristics (Lineari- 
ty, DG, DP and so on). 


Notes on Application 


1. Termination resistance of digital output is not mounted on the PCB. To prevent waveform distortion by 
reflection, it is recommended to terminate on a PCB that receives the signal. 

2. (Adjustment around DL1, DL2 and DL3) 
See Application Circuit on page 6. 


1. In case of 20 MHz, sampling frequency 2. In case of 14 MHz, sampling frequency 


DL2 13 DL3 11 DL1 4 DL2 10 DL3 9 
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FCX20220A-1/-2 





Differential Gain Wave Form 


Condition Clock: 20 MHz 
Signal: NTSC. 40IRE mod. ramp. 
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Application Circuit 
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FCX20220A-1/-2 


List of Parts 


[Resistance] 
R1 


R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
R13 
R14 
R15 
R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 
R24 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59 
R60 
R61 
R62 
R63 
R64 
R65 


820 
Tk 
10k Q 
150 
150) 
75Q 
2.7kQ 
2.7kKQ 
150 
120) 
621) 
1209) 
160 
160 
2700 
100 
47 
680) 
680) 
75D) 
2.7kKQ 
160 
2.7kQ) 
3602) 
3600 
160 
1500 
2k) 
470 
100 
8200 
1500 
150 
1.5k 
2.7kD. 
5601) 
160 
1002 
1009) 
100 
510 
820) 
1300 
5600) 
5600) 
5600) 
820 
1302 
82.) 
1300 
5601) 
5600) 
5600 
560!) 
56) 
561) 
56) 
561) 
2.7KQ) 
561) 
2.7kQ 
561) 
100 


Carbon 


mw 


Semi-constant resistance 


VR1 2kQ) 
VR2 5kQ 
VR3 2kQ 
VR4 1001) 
VR5 200 1) 
0.1 uF Ceramic 
| | 
| | | 
| | | 
C39 0.1 uF Ceramic 
C40 10pF Ceramic 
“| STHEION. en 
| | | 
| 
C46 47 /16V tantalum 
[Transistor] 
Q1 2SA1206 
Q2 2SA1206 *1 The following is the delay line connection. 
Q3 2SK105 
a4 2SK105 NC OUT NC 
Q5 2SC2408 - 13. 12 11 10 9 8 
a6 2SC2408 . 
Q7 2SC2408 
Q8 2SA1206 
Q9g 2SC 2408 
Q10 2SC2408 
Q11 — 2SA1206 oak eo Marte 
Q12 2SC2408 
Q13 2SC2408 
Q14 2SC 2408 *2 The inductance of the pulse transformer is as folows: 
w—-6) 7+3HH 
D1 1SS97-1 an as eee 
D2 1$S$97-1 @ 2 C2321 
D3 1$S97-1 (3)-(4) 7TE3uH 
D4 1SS97-1 
D5 1S1587 *3 The recommended connectors are NS-P006 
D6 1$Z51 and NS-LPO17. 
*4 The recommended connectors for PCB are 
(1G KELCORP46 110-072-112. 
OP 1 HA5195-5 
OP2 LM358P 
Al HD10116 
A2 HD10116 
A3 HD10116 
B1 McC10176 
B2 MC10176 
[Others] 
DL1 SDL20N500 *4 
DL2 SDL50N500 *1 
DL3 SDL20N500 *4 
P1 Pulse transformer *2 
TP 1 Test pin 
| 
| | 
| 
TPS Test pin 
NS-LRO20 Connector*3 


___ SONY. 
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FCX20220A-1/-2 


The PCB Pattern and Dimensions 
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(unit: mm, general tolerance + 0.3 mm) 
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_ 5) Application Notes 


pe ietion 
CX20052A 8bit 20MHz Sub-ranging A/D Converter 


CX20116/U 


SYR IOEED Ok 8bit High-speed A/D Converter 


CXA1016P/K/UK 
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SONY: APPLICATION NOTE 
8 bit 20 MHz Sub-ranging A/D Converter CX20052A 





The CX20052A is a serial/parallel A/D converter designed for video signal processing. Because it works 
on both high-speed clock and 7.8 mV-step analog voltage (at —2.0V full scale) as input signal, care 

should be taken to the design of a peripheral circuit to obtain a good performance. In addition, attention 
should also be paid to the relation-between the sampling pulse and the clock of the CX20052A since it 


requires an external sample/hold circuit. 


1. Terminals 
1-1. Analog voltage input terminal Vin 
Only the signals that have been held in the external sample/hold circuit should be input to the Vin. 


The input bias current is about 204A and the input capacity is about 7OpF. 











External sample/ 
hold circuit 
+ 
Buffer 


CX20052A 


Input V 
IN 


* Details on the sample/hold circuit will be described later. 








CX200528 ; SONY: 


1-2. Reference voltage terminals Vref, Vref. 

The reference voltage is applied to both the upper and lower comparators by these terminals. The Veer t 
and Vrer.p should always be connected with the GND and —2.0V, respectively. 

There is a resistance value of approximately .50 ohms in between the Vrer.t and Vrer.g. Current of about 
40 mA will flow when voltage of —2.0V is applied there. Because the converter’s characteristics may 
deteriorate if the reference voltage is affected by the clock a by-pass capacitor of which capacity is 1 WF 


(tantalum) + 1,000pF (ceramic) should also be used. 





V REF. T. 







GND 


CX 20052A 


—2.0V V REF.B 





ry 


1-3. Reference voltage adjustment terminals Veer. apui, VREF.ADJ2- VREF.ADJ3 


As shown in the figure below, adjustment terminals are provided in the reference resistance as described 
in the 1-2 section. They are usually opened, and are connected with the GND or the Vref. through each 


resistance if an adjustment is required. 








GND 
VREF. ADJ1. 


VREF. ADJ2. 


VREF. ADJ3. 


—2.0V 


en CX20052A 
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CX20052A SONY: 


1-4. Grounding terminals ANALOG GND, DIGITAL GND 

There should be as much GND space as possible for reduced inductance and resistance when the 
converter is mounted on a printed circuit board. Because both ANALOG GND and DIGITAL GND are 
provided, it is sometimes recommended that they should be separately positioned on the surface of the 


printed circuit board. 


1-5. Power voltage terminal Veg 
The terminal should be connected with — 5.OV. In addition, a by-pass capacitor should also be used for 


GND. 


1-6. Digital output terminals D1, D2, D3, D4, Ds, Dg, D7, Dg 

All the digital output terminals are provided as an open emitter. Load resistance should be selected so 
that the output current does not exceed the 10 mA (4.3 kohms are equivalent to about 1 mA) 

The D, denotes MSB, while the Dg means LSB. The following table shows the relation between analog 


input voltages and digital output codes. 


Step Input signal voltage Digital output code 
(2V, FS) MSB 


0.0000V 11111111 


0.9961V 
1.0039V 
1.0118V 


—2.0000V 00000000 
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CX20052A SONY: 


1-7. Clock input terminals CLOCK IN, CLOCK IN 


The clock input is complementary and is usually driven by the ECL of the complementary output. 


1-8. Other terminals 
Although the Pin 1 (H.COMP.BIAS) terminal is not used in the CX20052A, bias voltage keeps generating 
in the internal circuitry. Therefore, the terminal should not be connected with the GND, power voltage or 


any other terminals. The Pins 16, 17, and 18 (N.C) are always disconnected. 
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CX20052A SONY, 


2. Clock timing 

Basically, the CX20052 is a serial/parallel A/D converter so that an external sample/hold circuit is 
required. Care should therefore be taken to a timing between the clock of the CX20052A and 
waveforms of the sample/hold circuit. 


(Sample) 


Sample pulses (Hold) 


Sample/hold waveforms 





To 
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CX20052A SONY. 
TH means a timing where Vin and Vref are compared and latched by the upper comparator, while TL 
denotes a timing where Vin and Vref are compared and latched by the lower comparator. 

T n=T~a (aperture time + settling time of the sample/hold circuit used) 

Although the output data can be picked up as it passes through 7D from T_, it is easier and more 


accurate to latch it by judging from the rise-up time of the clock. The clock duty should be set at a point 


where DG and DP are considered optimum. 


3. Sample/hold circuit 
Refer to the following pages for circuit applications. In addition, a printed circuit board is also available 


for evaluation, on which a sample/hold IC CXA1008P/1009P and the CX20052A are mounted. 
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* A/D Converter Application Circuit A+5V 
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SONY: APPLICATION NOTE 


Ba: CX20116/CX201 16U/CXA1066K/CXA 1 066UK/ 
8 bit High-Speed A/D Converter cxa1os6r/cxa1056K/CXA1056UK/ | 
CXA1016P/CXA1016K/CXA1016UK 


The 8 bit A/Ds for which the flash system has been employed require no externally connected circuits | 
that call for complicated adjustments, and thus make it easy to use. However, because of the high speed 
conversion they enable, careful design on PCB patterns will be needed to be exercised at relatively high 


frequencies when operating them. 


1. Vee, GND 

Vee's and GND’s of the A/Ds have been circuitally separated within the IC into those for the digital circuit 
and those for the analog circuit. Up to about 50 MHz of clock frequencies the PC board patterns need 
not be separated, but when employing a higher frequency clock, the separated use of patterns is 
recommended for noise suppression. 

When employing Vee’s separated into digital and analog applications, devices may be destroyed if one 
end of the V_ee's is turned on with the other left connected to GND via a low fnpedenes for one second 
or longer. | 

Both the digital and analog Veg terminals should be bypassed to their respective GNDs with two 
capacitors each, one 14F and the other 0.01,F, at a location as close to the terminal as possible. For the 


0.01,4F, a ceramic chip capacitor is best suited. 


2. Timing 

The analog input will be sampled at the rising edge of CLK, and digital data is output at the next rising 
edge of 1CLK cycle later. The delay from the rising edge of CLK to the digital data, Td, is typically 3.5ns, 
thus it will be possible to latch data with a 10K or 100K series positive edge triggered ECL latch at the 


same CLK timing and phase as that of the A/Ds. 


3. Analog Input (Vin) (See Fig. 1.) 

A slew rate of 250V/us will be required to take full advantage of the wide 40 MHz and above input 
frequency band of CX20116/CX20116U/CXA1066/CXA1066UK. Although the analog input 
capacitance has been reduced to be 35pF or vastly smaller than that of the conventional flash type A/D 


converters, the A/Ds have to be driven with an input amplifier that has a wide frequency band and 
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sufficient drive capabilities. 

For a simple hook-up, a combination of Harris HA-2540, 5195 or equivalent with an appropriate buffer 
may be used. 

As the input impedance of the devices is capacitive, the driving amplifier occasionally falles into an 
instable condition and oscillates locally. This instability can be prevented with a resistor added between 
the output terminal of the amplifier and the input terminal of the A/D. For this application, a resistor from 


2 to 10 ohms is recommended. 


4. Clock Inputs (CLK, CLK) (See Fig. 2.) 
The clock is usually used to be differentially supplied to two terminals, CLK and CLK, but it may also be 
used as a single input CLK by adding on a capacitor of 1,OOOpF between the CLK terminal and GND. In 


this case, the CLK terminal will be held at the threshold potential of the ECL (— 1.3V). 


5. Logic Control Inputs (MINV, LINV) (See Fig. 3.) 

The selection of output codes in response to the analog input will be enabled by the logic states 
assigned to the MINV and LINV terminals, and will facilitate the application of this converter. 

The MINV and LINV terminals will be held at a “LOW” level (= ‘’0”) when they are in an open state. 


Their “High” level may be obtained by a pullup to GND with either a single diode stage or 3.9kQ. 


6. Digital Outputs (DO to D7) (See Fig. 4.) 
Digital outputs require external pull-down resistors. To pull down to Veg = —5.2V, resistors in a range of 


5002 to 1kQ are recommended. 


7. Reference Inputs (Vr, Va, Vrs) (See Fig. 5.) 
The Vert to Vag inter-terminal voltage corresponds to the A/Ds input dynamic range. While slight offsets 


are presented on the Vat and Vrppg terminal sides, adjustments will be possible within the range of Vat = 





OV+0.1V and Vag = —2V+0.2V. 

The Vprp terminal should be bypassed to GND with 14F and 0.01uF capacitors in parallel. 

When the Vrm terminal has been bypassed to GND with a 0.01uF capacitor, high frequency 
characteristics of the converter will be further stabilized. The Vary terminal may also be utilized as a 


trimming terminal for more accurate linearity compensation. 
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8. Blank Terminals 


Operations with all blank terminals connected to GND are recommended. 


9. Others 
The converters are very sensitive to noise level because the comparator hysterisis has been designed 


extremely small to enable high speed operations. The PC board must be designed carefully to reduce 


ground plane impedance. 


Equivalent input and output circuits 


AGND DGND1 





AVeE DVeg DVee 


Fig. 1 Analog input Fig. 2 CLK, CLK input Fig.3 MINV, LINV input 


DGND1 DGND2 


DO—D/7 





1K 






CX20116 


DVeE 


Fig. 4 Digital output —2V 


Fig.5 Linearity compensation 


10. Operation (See the block diagram and timing chart.) 

1. The reference voltage, which has been obtained by dividing equally the voltage across Vrt to VrB 
into 256 by the reference resistance, is applied to the respective + (positive) input sides of 256 
clocked comparators. An analog input is applied to the — (negative) input sides of all the 256 


clocked comparators from the Vjj terminal. 
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2. When the state of CLK is in Low, the master (front stage) of the comparator compares the respective 
reference voltage and the analog input voltage which is ever-changing. 

3. When the CLK moves from Low into Hi, each master simultaneously latches the state prior to the 
CLK transition, and as a result, it provides conditions of “11... 1100..0” in sequence from the 
Vert side to the Vrp side. 

4. The output of the master is ANDed between the respective adjacent outputs, and ‘’1” stands only 
when neighboring 2 outputs become ‘‘10”, and the all other outputs become “’0”. 

5. The result of the AND is latched in the slave latch when CLK moves from Hi into Low. Output of the 
slave is divided into 4 blocks and each block has 32 clocked comparators, and they are coded into 
binary codes of 6 bits respectively by the transistor matrix circuit. 

6. The 6 bit codes are further coded into 8 bit codes by the transistor matrix circuit after they are 
respectively latched, and they are then output into the ECL level by the output buffer after being 8 
bit latched. The output data is aelayed 1 clock from the data sampling point and appears at the 
output pin. 

7. Two polarity inversion inputs such as MINV and LINV are fed externally to the output buffer, and 


each of them selects output polarity of MSB and LSB’s, respectively. 


Block Diagram 
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Timing Chart 
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Fig. 7 Dots (@) in the chart demote respective latch timings. 
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11. Dynamic Performance 

Figures 8 to 18 show the dynamic performance of the A/D’s. The performance is measured with the aid 
of the digital signal processing in which the parameters are derived directly from the A/D’s digital output 
data. SNR is defined as RMS Signal to RMS Noise. 

Fig. 8(a) shows the signal to noise ratio (SNR) of the CX20116/CX20116U/CXA1066K/CXA1066UK at 
a sampling rate of 102.4 MHz and 81.92 MHz. The FFT spectrum is shown in Fig. 9 and Fig. 10. 

The effective bit is shown in Fig. 8 (b), which is derived from the difference between the measured data 


and an ideal sine-wave best fitted to the measured data. 


SNR (dB) 
Effective bit 





CX20116/CX20116U/ CX20116/CX20116U/ 
CXA1066K/CXA1066UK CXA1066K/CXA1066UK 
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Fig.8 SNR and effective bit of CX20116/CX20116U/CXA1066K/CXA1 066UK 
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sampling and 10.1 MHz input. sampling and 25.1 MHz input. 
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Fig.11 ©X20116/CX20116U 
Reconstructed waveform. 102.4 MHz 
sampling, 10.1 MHz input. 
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Fig. 13 C©CX20116/CX20116U 
Beat waveform at 41 MHz, 
Af = 0.08 MHz. 
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Fig. 12 CX20116/CX20116U 
Reconstructed waveform with the best 
fitted sine wave. 102.4 MHz sampling, 
25.1 MHz input. 
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Fig. 14 CX20116/CX20116U 
Envelope test waveform at 41.04 MHz 
input and 81.92 MHz sampling. 
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Fig. 15 SNR of CXA1056P/CXA1056K/CXA1056UK 
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Fig. 17 CXA1056P/CXA1056K/CXA1056UK 
Spectrum with the aid of FFT at 51.2 MHz 
sampling and 9.95 MHz input. 
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Fig. 18 CXA1016P/CXA1016K/CXA1016UK 
Spectrum with the aid of FFT at 30.72 MHz 
sampling and 5.01 MHz input. 
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Sony SALES OFFICES: 


Sites Address Phone Fax 
Corporate & Administration 23430 Hawthorne Blvd. Suite No. 330 213-373-9425 213-375-8358 
Western Office Torrance, CA 90505 
South East Office 3175 A. Northwoods Pkwy Norcross, 404-263-9888 404-446-3615 
GA 30071 


North East Office 57 Wells Avenue 617-527-4560 61 7-244-2518 
Newton MA 02159 


Central Office 3201 Premier Drive Suite 100 214-550-5200 214-550-5300 
Irving. TX 75063 


AREA SALES OFFICES: 

NORTHEAST AREA: Sony Corporation of America (617) 527-4540 
SOUTHEAST AREA: Sony Corporation of America (404) 263-9888 
CENTRAL AREA: Sony Corporation of America (214) 550-5200 
WESTERN AREA: Sony Corporation of America (213) 373-9425 


REPRESENTATIVE OFFICES: 

ALABAMA: Interep Assoc., Inc., (205) 478-1036, (205) 533-1730 

ARIZONA: Shefler-Kahn, (602) 257-9015 

ARKANSAS: B.P. Sales, (918) 744-9964 

CALIFORNIA: (San Diego and Imperial) Addem Sales, (619) 729-9216; (Southern Ca., excluding San Diego) 
Varigon, Inc. (714) 855-0233, (Northern Ca. Counties: Monterey/kings/Tulare/Inyo) Brooks Technical Group, 
(415) 960-3880 | 

COLORADO: Electrodyne, (303) 695-8903 

CONNECTICUT: New England Technical Sales, (203) 237-8827 

DELAWARE: Beacon North, Inc. (800) 336-3747 

DISTRICT OF COLUMBIA: Beacon North, Inc, (703) 478-2480 

FLORIDA: Donato & Assoc, (305) 352-0727 

GEORGIA: Interep Assoc. Inc, (404) 449-8680 

HAWAII: Brooks Technical Group, (415) 960-3880 

IDAHO: Electrodyne, (801) 486-3801 

ILLINOIS: (Northern) Micro-Tex, Inc, (312) 382-3001; (Southern) Kebco, (314) 576-4111 
INDIANA: Giesting & Assoc. (317) 844-5222 

IOWA: J.R. Sales, (319) 393-2232 

KANSAS: Kebco, (913) 541-8431 or (316) 733-1301 

KENTUCKY: Giesting & Assoc, (513) 385-1105 | 

LOUISIANA: B.P. Sales, (214) 234-8438 

MAINE: New England Technical Sales, (617) 272-0434 

MARYLAND: Beacon North, Inc. (800) 336-3747 

MASSACHUSETTS: New England Technical Sales, (617) 272-0434 

MICHIGAN: Giesting & Assoc. (313) 478-8106 

MINNESOTA: High-Tech Sales, (612) 944-7274 

MISSISSIPPI: Interep Assoc., Inc, (205) 533-1730 

MISSOURI: Kebco, (314) 576-4111 

MONTANA: Electrodyne, (801) 486-3801 

NEBRASKA: J.R. Sales, (319) 393-2232 

NEVADA: (Clark County) Shefler-Kahn, (602) 257-9015, Brooks Technical Group, (916) 477-8096 
NEW HAMPSHIRE: New England Technical Sales, (617) 272-0434 

NEW JERSEY: S.J. Assoc, Inc. (718) 291-3232, (609) 866-1234 

NEW MEXICO: Shefler-Kahn, (505) 345-3591 

NEW YORK: (Manhattan) S.J. Assoc., Inc., (718) 291-3232 (Upstate) Advance Comp. Corp. (315) 699-2671 
NORTH CAROLINA: Naylor Assoc. Inc, (919) 544-6630 

NORTH DAKOTA: High-Tech Sales, (612) 944-7274 . 


OHIO: Giesting & Assoc., (513) 385-1105, (216) 261-9705, or (513) 433-5832 

OKLAHOMA: B. P._ Sales, (918) 744-9964 

OREGON: Vantage Corp., (503) 620-3280 

PENNSYLVANIA: (East) S.J. Assoc., Inc, (609) 866-1234; (West) Giesting & Assoc. (513) 385-1105 
RHODE ISLAND: New England Technical Sales, (617) 272-0434 

SOUTH CAROLINA: Naylor Assoc., Inc. (919) 544-6630 

SOUTH DAKOTA: High-Hech Sales, (612) 944-7274 

TENNESSEE: Interep Assoc., Inc, (615) 639-3491 

TEXAS: B.P. Sales, (214) 234-8438, (713) 531-4144, or (512) 346-9186; (El Paso County) Shefler-Kahn 
(505) 345-3591 

UTAH: Electrodyne, (801) 486-3801 

VERMONT: New England Technical Sales, (617) 272-0434 

VIRGINIA: Beacon North, Inc. (703) 478-2480, (804) 239-8486 

WASHINGTON: Vantage Corp, (206) 455-3460 

WEST VIRGINIA: Giesting & Assoc, (513) 385-1105 

WISCONSIN: (Lower) Micro-Tex, Inc, (414) 542-5352; (West Wisconsin Counties: Polk/Barron/Dunn/St. Croix/ 
Pierce/Pepin/Chippewa, Eua Claire) High-Tech Sales, (612) 944-7274 

WYOMING: Electrodyne, (801) 486-3801 


DISTRIBUTOR OFFICES: 


ALABAMA: Huntsville --:------ Hammond Electronics, (205) 830-4764 
Huntsville --:-:--:- Marshall Industries, (205) 881-9235 
ARIZONA: Phoenix :-+:::++++* Marshall Industries, (602) 968-6181 
Scottsdale :-:---:: Western Micro, (602) 948-4240 
Tempe vrrrrsreeees Insight, (602) 829-1800 
CALIFORNIA: Chatsworth :::::: Diplomat Electronics, (818) 700-8700 
IPVING cereereeeeeeees Marshall Industries, (714) 458-5399 
Cupertino --::+:-:: Western Micro, (408) 725-1660 


Los Angeles -:-Marshall Industries, (818) 407-0101 
Northridge::-:::-:: Western Micro, (818) 700-9922, (800) 538-3401 


Orange cvorrrsreree Ryno Electronics, (714) 637-0200 
Sacramento ::-::: Marshall Industries, (916) 635-9700 
San Diego :::::: Insight, (619) 587-0471 


San Diego :::::: Marshall Industries, (619) 578-9600 
San Diego -:: Ryno Electronics, (619) 453-8430 
San Francisco:::Marshall Industries, (408) 943-4600 


Sunnyvale -+:++++: Diplomat Electronics, (408) 737-0204 
COLORADO: Denver -:::-::+:+:: Marshall Industries, (303) 427-1818 
CONNECTICUT: Danbury-::-:-------- Diplomat Electronics, (203) 797-9674 
Wallingford -:--:: Marshall Industries, (203) 265-3822 
FLORIDA: Clearwater::::::::-::: Diplomat Electronics, (813) 443-4514 


Ft. Lauderdale ---Diplomat Electronics, (305) 974-8700 
Ft. Lauderdale ---Hammond Electronics, (305) 973-7103 
Ft. Lauderdale -:-Marshall Industries, (305) 928-0661 
Ft. Lauderdale ---Reptron, (305) 979-8227 


Orlando vrrresreereeeee Hammond Electronics, (305) 841-1010 
Orlando <rrserrseseeees Marshall Industries, (305) 841-1878 
Tampa cereesrsesseees Marshall Industries, (813) 576-1399 
Tampa crerrertseeeees Reptron, (813) 855-4656 


GEORGIA: Atlanta -:--:: Marshall Industries, (404) 923-5750 
Norcross :**-Hammond Electronics, (404) 449-1996 
Norcross --Reptron, (404) 446-1300 

ILLINOIS : Chicago -:::---- Marshall Industries, (312) 490-0155 
Schaumburg ::-Reptron, (312) 882-1700 

INDIANA: Indianapolis:--Marshall Industries, (317) 297-0483 

KANSAS: Kansas City::-Marshall Industries, (913) 492-3121 





MARYLAND: Baltimore -:::::::: Hammond Electronics, (301) 583-2525 


Columbia :::+:++: Diplomat Electronics, (301) 995-1226 
Columbia ->++-+++ Vantage Components, (301) 720-5100 
Gaithersburg::::-: Marshall Industries, (301) 840-9450 
MASSACHUSETTS: Boston -:--:--:: Marshall Industries, (617) 272-8200 
Burlington:::::: Western Micro, (617) 229-5819 
Billercia «:++++++ Diplomat Electronics, (617) 667-4670 


MICHIGAN: Livonia::-Marshall Industries, (313) 525-5850 
Livonia:--Reptron, (313) 525-2700 

MINNESOTA: Minneapolis ---Marshall Industries, (612) 559-2211 
Minnetonka ---Reptron, (612) 938-0000 
Plymouth -:-:-- Diplomat Electronics, (612) 559-2500 


NEW JERSEY: Clifton ----:-:: Vantage Components, (201) 777-4100 
Fairfield ---+----- Marshall Industries, (201) 882-0320 
Totowa crs Diplomat Electronics, (201) 785-1830 
NEW YORK: Binghamton :::::- Marshall Industries, (607) 798-1611 
Commack «+++++++ Vantage Components, (516) 543-2000 
Henrietta --++-++- Diplomat Electronics, (716) 359-4400 
Liverpool -:++++++ Diplomat Electronics, (315) 652-5000 
Long Island:::::: Marshall Industries, (516) 273-2424 
Melville -:++e++e+e+ Diplomat Electronics, (516) 454-6400 
Rochester -:::++::: Marshall Industries, (716) 235-7620 
NORTH CAROLINA: Greensboro ---Hammond \Electronics, (919) 275-6391 
Raleigh -+:+++++ Marshall Industries, (919) 878-9882 
OHIO: Cleveland :::::: Marshall Industries, (216) 248-1788 
Dayton errr Marshall Industries, (513) 236-8088 


Worthington:--Reptron, (614) 436-6675 
OREGON: Beaverton::-Western Micro, (503) 629-2082 
Portland:::::: Marshall Industries, (503) 644-5050 
PENNSYLVANIA: Philadelphia -:---- Marshall Industries, (609) 234-9100 


Pittsburgh:::-+++-- Marshall Industries, (412) 963-0441 
TEXAS : Austin-:::-:::: Diplomat Electronics, (512) 836-8707 
Austin--:+++* Marshall Industries, (512) 837-1991 
Dallas:++++++:- Diplomat Electronics, (214) 980-1888 
Dallas--:-++++ Marshall Industries, (214) 233-5200 


Houston:::::- Marshall Industries, (713) 895-9200 
UTAH: Salt Lake City---Diplomat Electronics, (801) 486-4134 
Salt Lake City---Marshall Industries, (801) 261-0901 
WASHINGTON: Redmond -:-Western Micro (206) 881-6737 
Seattle :::: Marshall Industries, (206) 747-9100 
WISCONSIN: Milwaukee::-Marshall Industries, (414) 797-8400 
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